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ABSTRACT
The segregation of bulk solids is an extremely important issue in both 
storage and transportation. The occurrence of segregation can have a 
detrimental effect on the quality of a product, especially in the case of food 
stuffs such as muesli and mixed cereals where strict ratios of each 
constituent are required.
Segregation can form in a variety of ways, commonly termed segregation 
mechanisms, some of which are sifting, trajectory and fluidisation.
A method of sampling is required to allow quantification of the segregation 
phenomenon so sampling techniques are investigated and a suitable method 
is selected.
Mixing indices are used to quantify the quality of a mixture, or part thereof. 
These are determined by statistical means such as standard deviation or 
variance and generally vary in value from 0, for a fully segregated mixture, to 
1, for a fully mixed mixture. Throughout the research a number of mixing 
indices, from a variety of sources, are compared to one another to check for 
consistency. It is not the intention of this research to develop new mixing 
indices.
A test rig is designed and built for gravity filling where the tests performed 
can be observed visually. Binary mixtures are prepared to varying 
percentages and the filling operation is recorded using a video camera. The 
segregation which occurs in each test is analysed using mixing indices and 
compared progressively for the full test program.
Ill
From this work it is hoped that a greater understanding of the segregation 
phenomenon can be gained and more reliable prediction of segregation can 
be made. Ways in which to minimise segregation are discussed and 
recommendations are made to be investigated at a later date.
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1.1 Introduction
The segregation of mixtures, or products, in any materials handling process 
can be detrimental to any further processing which may need to occur. In a 
wide range of applications, an exact proportion of an individual component in 
a mixture is required, if segregation occurs, this may result in an incorrect 
weighting of the required component thus making the mixture unsuitable for 
its intended purpose.
Segregation is not confined to just mixtures containing two or more 
components, segregation can also occur in a single product which contains 
a wide range of particle sizes. This too can be a problem, if a mixture 
requires a product of this type to be added. Also, a constant mix of large and 
small particle sizes should be present but if one batch contains more large 
particles or more small particles then this may have an adverse effect on the 
produced mixture.
There are a wide variety of mechanisms which can cause segregation, some 
of which are sifting, also referred to as percolation, trajectory effects, air 
entrainment, particle entrainment and dynamic effects[7,8,19,34]. These and 
other mechanisms are explained further in Section 1.2.
Salter et al.[28] believes that the mathematical models which have been 
developed so far are not general enough for use in all cases for predicting 
segregation and Rochowiecki[24] has the opinion that the mathematical 
models are too empirical and so do not completely reflect the segregation
phenomena.
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1.2 Segregation Mechanisms
There are a wide range of mechanisms which can cause segregation, the 
following is a list of the most frequent, a description of each is also given.
1.2.1 Heap Segregation
Heap segregation is explained as the mechanism which occurs to products 
or mixtures when poured into what is commonly termed a heap. Mosby et 
al.[22] state that there is some confusion when talking about heap 
segregation. It is explained as one method of segregation but in fact results 
from the combination of a number of individual segregation mechanisms, 
such as sifting, trajectory and dynamic mechanisms.
1.2.2 Sifting (or Percolation)
This mechanism is the most common. It is common knowledge that when a 
mixture of multi-sized particles is poured into a heap, the larger and more 
coarse particles tend to roll down the side of the heap and concentrate at the 
bin walls[7,34].
Due to the difference in particle size between the components of a mixture, 
the smaller particles which are present tend to sift through the voids between 
the larger particles[7,8], see Figure 1.1, and there is an increase in
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segregation when the size ratio between the large and small particle 
increases[8].
Johanson[19] and Williams[34] state that as material is poured onto a heap, 
a thin layer, only a few particles in depth, has a high velocity gradient and 
this allows smaller particles to move through what could be considered a 
screen, to the stationary material in the heap below, which allows the larger 
particles to work their way to the outer edge of the heap.
Stirring, vibration and pouring into a heap are the most common causes of 
segregation by sifting[34,35].
CENTER FILL
BOUNCING ON 
IMPACT, PERCOLATION 
AND ROLLING CAUSE 
SEGREGATION ALONG 
SURFACE OF HEAP
Figure 1.1 : Sifting Mechanism[11]
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1.2.3 Trajectory Effects
Carson et al.[8] states that when using an angled chute, different materials 
will move at different velocities due to the frictional drag for the materials. 
The higher the drag present, the lower the velocity of the particles, this in 
turn means that the particles with higher drag will travel less horizontal 
distance when they leave the chute[7,8].
Similarly, Johanson[19] states that surface friction (or angle of friction), of 
the individual particles will determine the particle velocity when leaving the 
chute.
Generally it is found that fines have a higher frictional drag or friction angle 
and so will be deposited closer to the base of the chute than larger coarse 
particles[8,19], see Figure 1.2.
CONCENTRATION OF 
COARSE PARTICLES 
MAY ESTABLISH FLOW 
PATTERN ALONG WALL
Figure 1.2 : Trajectory Mechanism[11]
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Williams[34] has used an equation to calculate the horizontal "stopping 
distance" after infinite time as being;
Stopping Distance = \JoP D2 I 877 1.1
This then shows that a particle having a diameter of 2D will travel 4 times as 
far as a particle of diameter D.
1.2.4 Air Entrainment (Fluidisation)
Fine particles are generally less permeable than heavy particles so retain air 
for a longer period of time in their void spaces[7,8].
A vertical segregation pattern can form due to air entrainment where the 
larger coarse material is located primarily at the bottom of the bin and the 
fine material produces a layer of material at the top of the bin[7,8,19]. 
Johanson[19] states that air entrainment can be reduced by using a deflector 
plate to reduce the vertical component of the particle velocity, or in the case 
of pneumatic conveying using a tangential entry.
1.2.5 Dynamic Effects
Carson et al.[8] states that resilience and inertia vary for different particles 
and segregation can be caused by this.
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Johanson[19] explains how resilience can directly affect the way in which 
segregation occurs. When particles hit the top of a pile with a high velocity, a 
flat spot will form and particles which are not resilient enough to bounce out 
will be trapped. The particles which have enough resilience will concentrate 
at the outer limits of the pile due to them being able to escape from the 
central flat spot.
Johanson[19] goes on to say that the dynamic effects present can produce a 
central concentration of fine particles.
1.2.6 Angle of Repose Mechanism
It is well known that different particles have a wide range of angles of repose 
and this by itself can be a cause of mixture segregation. For materials which 
have a high angle of repose, they will be concentrated in the centre, while 
those having lower angles of repose will progressively concentrate towards 
the outer edges of the pile[19].
1.2.7 Rise of Coarse Particles on Vibration
This can be shown by placing a large particle at the base of a bed of small 
particles and vibrating the bed. In time the large particle will be forced to the 
surface even if the large particle is more dense than the smaller ones[34,35].
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1.2.8 Cohesive Effects
The previously mentioned mechanisms of segregation do not occur if the 
materials have a high enough cohesion[19] and segregation can therefore 
be reduced by carefully increasing the moisture content, using water or oil, 
of the mixture. However care needs to be taken if the moisture content 
becomes too high, the free-flow conditions may deteriorate and blockages 
may form[8].
Cohesion causes the large and small particles to stick together and 
segregation cannot occur until the bond is broken[8,19].
1.2.9 Avalanching
This mechanism has also been named the "Christmas Tree" segregation 
pattern due to the way in which layers of the different products form in the 
pile, see Figure 1.3. Layers of fine particles intermittently form from the 
centre to the outside of the pile due to a charging cycle[28].
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Figure 1.3 : Avalanching Mechanism[8]
1.2.10 Inverse Segregation
Under standard free-fall conditions, a mixture will tend to segregate such 
that large particles will concentrate at the outer extremes of the pile while the 
fines will concentrate in the centre. Inverse segregation however, can be 
caused by pneumatically conveying a mixture into a storage bin, where the 
large particles concentrate in the centre while the fines concentrate at the 
outer extremes of the pile[1], as shown in Figure 1.4.
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Figure 1.4 : Inverse Segregation Mechanism 
1.2.11 Push-away Effects
Mosby et al.[22] explain that this mechanism will most probably arise where 
components of a mixture have different densities. A sphere having a higher 
density than the two spheres immediately below it, as in Figure 1.5, will tend 
to push the other two horizontally. This will result in heaps having heavier 
particles grouping near the centre and the lighter particles near the walls.
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Figure 1.5 : Push-away Effect[22]
1.3 Sampling
The most common way of analysing samples taken from mixtures is by 
statistical methods. One such method is that of variance which can be 
determined by taking samples at various points throughout the mixture, the 
result often being termed a mixing index or a degree of mixedness, Fan and 
Wang[10].
1.3.1 Sampling Probes and Mixing Methods
The most suitable sampling technique for any given test must be determined 
by the product or mixture to be analysed.
Weidenbaum and Bonilla[32] carried out sampling of binary mixtures in their 
experiments by use of a sampling thief, Figure 1.6, where 27 spot samples 
were taken in each experiment and each spot contained between 120 and 
160 particles. The samples were then analysed by counting the number of
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particles of each component in the mixture and carrying out the chi 
square[32] method on the results.
SLEEVE
ANALY SIS  BY W EIGHT
(APPROX. 0 .8 3  GM. OR ROUGHLY 14,500  P A R T IC L E S )
Figure 1.6 : Sampling Probes[32]
Schofield[29] explains that the chi square segregation index, Equation 1.16 
in Table 1.1, has an added advantage that it can be used to analyse multi­
component mixtures. He goes on to say that this index has not been used
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frequently, possibly due to it looking more complex than others which are 
based on variance. Schofield[29] also suggests that and degree of 
mixedness which is calculated, should always have a record of sample size. 
The use of the side-sampling thief probe, Figure 1.7, is possibly the most 
common sampling method, their limitations however, are that they can only 
be used on reasonably free-flowing materials. Problems can occur when 
taking samples of mixtures which segregate, because as the probe is 
inserted, further segregation may occur, so it will not reflect the true 
composition of the mixture[29].
SAMPLE EMPTIED THROUGH PROBE
MIRROR LIGHT 
GUIDE
PHOTOCELL
OUTPUT
LIGHT SOURCE
Figure 1.7 : Sampling Probes[29]
Carley-Macauly and Donald[6] used a number of different mixers to carry out 
their work on binary mixtures, a horizontal drum mixer, an inclined mixer and 
two double cone mixers. The sampling probe that was used, Figure 1.8,
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collected between 40 and 60 particles in each sample. The variation which 
was recorded in each sample is a measure of the mixedness present.
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Figure 1.8 : Sampling Probes[6]
Rochowiecki[24] used a horizontal drum mixer to investigate a binary mixture 
in a weight ratio of 1:1. Once mixing was complete, the mixture was divided 
into sections then a sampling probe, Figure 1.9, was used to take samples of 
between 80 and 200 particles. Analysis was carried out by counting the 
number of particles of each component.
Slit
Internal tube 
DiQ .2.0/ 4.3 mrn Scale
External tube 
Dia. 3.0/ 2.3 mrr)
--------- -------------
- 3<nni 81 mm
406 mm
Figure 1.9 : Sampling Probes[24]
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Gayle et al.[15] have used the chi square method to analyse their samples. 
Using a mixing wheel consisting of several individual jars, each containing a 
mixture of three products, twelve sample points are withdrawn from each jar 
using a sampling probe, Figure 1.10, each sample containing approximately 
40 particles, but only the first 30 particles are used, however no reason was 
provided by Gayle et al.[15] for choosing only the first 30 particles.
SECTION
PLANE
SAMPLE
POCKET
LOCATION
SAMPLING THIEF 
SAMPLING GUIDE
RED
WHITE
BLUE
SAMPLE POSITIONS ARE DESIGNATED I A, IB , 3B ETC.
THE NUMBER REFERS TO SAMPLING GUIDE HOLE POSITION 
WHILE THE LETTER REFERS TO LOCATION Of- SAMPLE 
POCKET IN THIEF.
Figure 1.10 : Sampling Probes[15]
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Poole et al.[23] used a number of powders in a centrifugal type batch mixer, 
to a weight of 3 kilograms per charge. A sampling grid was designed where 
all holes were numbered, the holes used to sample a particular mixture were 
determined by using random numbers. Several designs of sampling probes, 
Figure 1.11, were used.
Figure 1.11 : Sampling Probes[23]
Gayle and Gary[14] have used a four component system to determine the 
amount of segregation. Each sample taken consisted of approximately 40 
particles but only the first 32 were used for analysis by the chi square 
method. By using a four component system, analysis was able to be made
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on combinations for four three-component systems and five two-component 
systems. The results were then used to calculate segregation indices, see 
Section 1.4.
Scott and Bridgwater[30] have stated that the quality of a mixture is 
determined by the use of a sampling probe removing samples from the 
mixture and determining the variance of the sample compositions. They 
believe that approximately 40 samples need to be taken to obtain decent 
results, but this makes the analysis monotonous.
Rogers and Clements[25] state that once a sample has been taken using a 
sampling thief, it will undergo physical or chemical analysis, or using a 
radioactive counting method. They list two limits to the amount of sampling 
which can be conducted, (i) the sampling probes cannot be placed too close 
together as the insertion of one may interfere with product to be collected by 
another, and (ii) the analysis of a large number of samples can be time 
consuming and expensive. Work carried out by Rogers and Clements[25] 
consisted of binary granular mixtures of 4 different products in a horizontal 
cylindrical mixer. By using a sampling thief, the samples taken from the 
mixture contained between 40 and 100 particles.
Ashton and Valentin[2] believe that workers have not used enough samples 
when performing tests, less that 20, and have neglected to account for 
sampling and analytical errors which can affect the variance and that the 
uncertainty limits of their results should be presented.
Rumpf and Mueller[27] used a different method to determine the composition 
of samples taken from a binary mixture. A fine calcite powder was used and
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an organic pigment was also added. Eight sample points were taken, and by 
washing the particles of each sample, the pigment dissolved into the water. 
By using a photometer, the intensity of the pigment solution could be 
determined.
Williams and Khan[35] used three products to produce a number of binary 
mixtures, after the mixing had taken place, the mixture was split in half and 
the mass of both the coarse and fine components were determined by 
sieving, analysis was then carried out to calculate the coefficient of 
segregation.
Williams[34] has stated that samples were taken from a binary mixture where 
the ratio of particle diameters was a maximum of 1.4. The results obtained 
from analysis show that a measurable amount of segregation can be 
obtained from particles which have a very small size difference. Williams[33] 
and Williams and Shields[36] also used binary mixtures, while the latter 
carried out their work on a vibrating bed.
Lacey[20] has carried out work with a barrel mixer and states that the size of 
the particles used will determine the number, size and distribution of the 
samples which will be taken from any given mixture.
Fuerstenau and Fouladi[13] used a binary mixture in a barrel mixer which 
was divided into ten sections. Once mixing was complete, each section was 
removed and sieved to determine the composition of each sample by weight. 
Rossi et al.[26] used two metal powders, alumina and magnesia, in their 
mixing tests. After mixing had taken place, 12 samples were removed from 
the mixer by inserting a 25.4 millimetre OD thin sleeve into the mixture, and
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using a plunger, the powder was lightly compressed. A plug of powder of 
approximately 16 millimetres in depth could then be taken. The powder was 
removed from the sleeve using a die and the powder was pressed and fired, 
the compact formed would then be analysed by x-ray to determine the 
composition.
Hackler et al.[16] state that when a sample is removed, it should be 
representative of the whole mixture. Deviations which occur from one sample 
to the next should be distributed randomly and that positive deviations and 
negative deviations should occur with the same frequency.
Carson et al.[8] explain that meaningful samples from the mixture need to be 
taken so that valid conclusions can be made. A common mistake made when 
sampling from a stream of material is that only a section of the stream is 
taken for analysis, which is inaccurate as it is highly probably that 
segregation may occur within the stream itself.
Cahn et al.[5] used a barrel mixer to mix a binary mixture of yellow and white 
beads, which were identical in all regards except for a difference in refractive 
index of 0.3. Samples were then taken from 13 points in the resulting 
mixture.
Mosby[21] and Mosby et al.[22] use a sampling device as shown in Figure 
1.12 to take a two dimensional sampling zone from a three dimensional
tester.
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Figure 1.12 : Sampling Probe[21]
1.3.2 Computer Imaging
Computer imaging is another method by which sampling of a mixture can be 
performed.
Broyles et al.[4] use an image analyser constructed around a personal 
computer to perform shape analysis on construction aggregates.
From each batch of aggregate, 100 particles are analysed by hand to 
determine elongation and flatness ratios, thus being quite time consuming. 
The development of the image analyser automates the procedure and can 
have the results in as little as 10 minutes. The system used is shown in
Figure 1.13.
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Figure 1.13 : image Analysis Computer System[4]
The system consists of a personal computer, frame grabber board, video 
monitor, a sample stand and two cameras. The images are sent from the 
cameras to the frame grabber board where they are digitised. The images 
are then processed using OPTIMAS, a Microsoft Windows based software 
package. The data obtained from the computer package can then be used to 
calculate the required values.
The shape analysis system has provided results which have an excellent 
agreement with measurements which had been taken manually.
CHAPTER 1 - INTRODUCTION 22
1.3.3 Magnetic Resonance Imaging (MRI)
Magnetic Resonance Imaging (MRI) has been used by Hill et al.[17] to 
perform non-invasive observations of the structure of a bulk solid after being 
mixed in a drum mixer.
If a mixture contains a fluid, liquid state MRI imaging can be used to obtain 
planes within the material.
For dry mixtures, MRI sensitive pharmaceutical pills can be added to a 
mixture which is to be traced.
1.3.4 Sampling Rigs
Mosby et al.[22] show a number of segregation testers which have been 
developed by other researchers, Figure 1.14, Figure 1.15 and Figure 1.16.
Figure 1.14 : Segregation Rig[22]
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Figure 1.15 : Segregation Rig[22]
Figure 1.16 : Segregation Rig[22]
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but state that as most of them had shortcomings, they decided to construct 
their own. Their two dimensional rig is shown in Figure 1.17 and their three 
dimensional rig shown in Figure 1.18.
Feed of homogenous mixture
i
Figure 1.17 : Two Dimensional Segregation Rig[22]
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Figure 1.18 : Three Dimensional Segregation Rig[21]
The product is fed into the rig through a static mixer. The solid section at the 
bottom of the bin was designed in such a way that a reduced quantity of 
product is needed to run a test. The length of the heap produced in the rig 
shown in Figure 1.17 is 630 mm. Two additional rigs were built with different 
heap lengths, 100mm and 2050mm.
Bagster[3] has performed recent work using only particles of the same 
density, minimising lateral velocity of particles at the feed point and having 
no impact velocity at the feed point. This has been done using the rig shown
in Figure 1.19.
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Figure 1.19 : Segregation Rig[3]
Salter et al.[28] are in the process of designing and testing a rig to 
investigate segregation. The heap slope length, feedrate of charged material 
and free fall height to be independently varied. The test rig is shown in 
Figure 1.20.
Product will be entered into the rig via vibratory feeders, the product then 
being r ixed through a static mixer before entering the storage vessel. The 
mixtU' can also be measured after passing through the static mixer.
The cnentation of the storage vessel can be modified, being done so for two 
main reasons, to allow the insertion of sampling probes parallel to the 
surface of the formed heap and also to control avalanching.
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A: Rotational Movement Allowing Alignment o f Sampling 
Probes with Angle o f Repose Formed by Material.
Figure 1.20 : Segregation Rig[28]
The free fall height can also be modified. By keeping the free fall height 
constant, the effects of changes in free fall height can be eliminated.
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1.4 Mixing Indices
Mixing indices are used to evaluate the degree of mixing, or mixedness, in a 
mixture. There are a wide range of mixing indices available for use, which 
have been developed by a number of researchers and they all involve 
statistical parameters such as variance or standard deviation[13].
A list of mixing indices, but by no means all of them, is displayed in Table 1.1 
along with the authors and the operating ranges of the mixing indices. There 
are other mixing indices available but other more in-depth methods of 
obtaining data would be required, which are not being investigated in this 
thesis.
Generally the mixing indices range in value from 0 to 1, 0 being for full 
segregation and 1 for complete mixing, or vice versa depending on the 
representation of the variance or the standard deviation in the formula. 
There are others however that do not follow this trend and can range from 0 
up to extremely large numbers.
A number of the mixing indices have been derived by modifying existing 
indices, such as Williams[33]. Williams[33] states that Ashton and Valentin 
modified the mixing index derived by Lacey, shown as Equation 1.12, due to 
there being a discrimination present as the mixing process is coming to 
completion. The modified equation became that shown as Equation 1.14 and 
although there is still some discrimination, it is an improvement.
In researching the mixing indices, it was found that the majority have been 
used to analyse binary mixtures only [5,6,13,24,25,26,32,33,34,35,36], and
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there were only a small number which had been used to analyse mixtures 
containing more than two products[14,15].
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Table 1.1 : Mixing Indices
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2.1 Test Rig
The test rig comprises of a number of individual components which can be 
used in a number of configurations depending on what stage of testing is 
being performed. The following sections explain these components.
2.1.1 Perspex Bin and Hopper
Initial discussions regarding the size and shape of the bin and hopper 
arrangement resulted in the bin having the internal dimensions of width 
1000mm, depth 150mm and height 1500mm. The hopper was given the 
dimensions of hopper half angle 30 degrees, and an outlet of 150mm 
square, giving rise to a height of 736mm. The depth was chosen to promote 
only two dimensional segregation patterns, that is, only from left to right, not 
front to back.
Both bin and hopper were constructed of perspex to allow for visual 
observations while the test is running and also to video the tests.
The bin and hopper were made as two separate entities in the event that a 
different hopper configuration was required for testing and could easily be 
accommodated.
In Appendix B, Figure B-1, Figure B-2 and Figure B-3 show the dimensions 
of the bin and hopper arrangement.
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The bin and hopper then were supported in a frame which allowed easy 
access to the front and back of the bin and hopper for visual observation and 
sampling. The frame was given the outer dimensions of 1500mm square with 
a height of 2855mm such that when the bin and hopper were in position, the 
base of the hopper was 500mm from the floor to allow for product collection 
after completion of testing. The majority of the frame was constructed using 
50mm RHS with the bin and hopper supports made of 65mm RHS for added 
strength.
In Appendix B, Figure B-4, Figure B-5 and Figure B-6 show the frame 
arrangements with the bin and hopper in place.
The lid of the perspex bin was made of mild steel and has an air vent on one 
side, a hole in the centre which allows the product to enter the bin and 
hopper and on the other side is a rectangular slot allowing samples to be 
taken from the falling stream.
In Appendix B, Figure B-7 shows the details of the lid.
2.1.2 Slide Valve
A valve was required on the base of the hopper to contain the product while 
the test was being carried out, and to regulate the removal of the product 
mixture after completion of a test.
A slide valve was designed and constructed using a pneumatic actuator with 
a stroke of 400mm. The initial design caused a quantity of the emptying 
product to be crushed by the opening and closing movement of the slide
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valve. This was successfully rectified by reducing all clearances to a 
minimum and making the outlet hole in the valve smaller in cross section 
than the opening in the hopper, thus making sure that no product could 
come in contact with the moving part of the valve.
In Appendix B, Figure B-8 shows a detailed drawing of the slide valve.
2.1.3 Storage Bin
A storage bin had to be designed to hold the prepared mixture ready for 
testing. Different designs were trialled before reaching the final arrangement.
Design 1
An existing bin/hopper arrangement was used (including the frame), having 
an internal diameter of 1000mm and a hopper half angle of 30 degrees. A 
transition hopper was made to reduce the outlet of the hopper to the desired 
size of 200mm square to allow it to be fitted to the top of the rotary valve. On 
the underside of the rotary valve, another transition had to be made to 
reduce from 200mm square to an internal diameter of 105mm to allow 
attachment to a 105mm diameter standpipe leading down to the perspex 
observation bin. Figure 2.1 shows the layout of the design.
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01000
Figure 2.1 : Storage Bin - Design 1
A decision was made that there was a high probability that this bin would 
exhibit funnel flow characteristics which would interfere with the mix quality
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of the product and probably cause undesired segregation. Another issue 
was that the rotary valve would promote preferential feeding of the product 
from one side of the storage bin also causing a degree of segregation, so 
the rotary valve would have to be replaced with some other type of full-bore 
valve arrangement, possibly a ball valve.
Design 2
A suggested solution to the funnel flow problem was to create a cone-in­
cone insert and fit it to the existing storage bin and hopper. This would 
promote mass flow of the product. A number of preliminary calculations were 
carried out to determine the required dimensions of the insert but finally it 
was decided that this would not be the desired method to use as it would be 
better to design a mass flow bin rather than add a flow corrective insert, 
making the system more complicated. Figure 2.2 shows the cone-in-cone 
arrangement.
Design 3
The final design did away with the cone-in-cone option by designing a 
smaller diameter storage bin, now a diameter of 500mm and a hopper half 
angle of 15 degrees. The outlet of the hopper had a diameter of 200mm. A 
standpipe was attached to the bottom of the hopper to stabilise the pressure
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01000
Figure 2.2 : Storage Bin - Design 2
gradient, having a diameter of 200mm and a length of 2D, 400mm. Below the 
standpipe another transition was built, reducing the internal diameter from 
200mm to 53mm.
A ball valve was then positioned under the transition and the bore was 
machined out to match the diameter of 53mm for the transition above. 
Between the ball valve and the perspex observation bin a pipe of diameter 
53mm was installed, having a length of 830mm.
In Appendix B, Figure B-9, Figure B-10 and Figure B-11 show the final 
design of the storage bin.
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An option was also built to replace the mild steel standpipe with a perspex 
standpipe to allow for visual record of the flow of product from the bin and to 
observe the mixture quality of the product. By observing the product mixture 
moving consistently down the wall of the standpipe, this indicates a mass 
flow pattern of emptying.
Figure 2.3 shows a close up view of the perspex standpipe and ball valve 
which formed part of the storage bin.
Figure 2.3 : Perspex Standpipe and Ball Valve
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2.1.4 Intermediate Frame
An intermediate frame had to be built for two reasons, the first, being to 
separate the perspex observation bin and the storage bin to accommodate a 
vertical pipe, given a length of 830mm due to the available headroom in the 
laboratory. Secondly, for the storage bin to be located at ground level when 
quality tests had to be performed on a mixture. In Appendix B, Figure B-12, 
Figure B-13 and Figure B-14 shows the dimensions of the intermediate 
frame.
2.1.5 Mixer Frame
A mixer had to be incorporated into the test rig design to prepare product 
batches for testing. Two Forberg mixers were trialled, Chapter 4 deals with 
this. After completion of the mixing trials, it was decided that the 20 litre 
mixer was to be incorporated into the test rig design. The large size and 
weight of the 60 litre mixer made it impractical to use.
The mixer had to be built onto a frame which was to be positioned on top of 
the storage bin frame such that only a small clearance between the base of 
the mixer and the top of the storage bin was present. A steel grated floor was 
placed on the top surface of the frame around the mixer to allow safe 
movement around the mixer during operation. A hand railing was also
constructed for safety.
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Drawings of the mixer frame can be found in Appendix B, Figure B-15, 
Figure B-16 and Figure B-17.
Figure 2.4 shows the mixer and mixer frame in position above the storage 
bin, which is located at ground level.
Figure 2.4 : Mixer and Mixer Frame on the Storage Bin
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2.1.6 Dockage Tester
A method of separating the binary mixtures after testing was required and a 
dockage tester was available. The dockage tester is a three level sifting 
machine which was overhauled and modified to meet the needs of the 
current research. The original sieving screens in the dockage tester were 
replaced with the required sizes, 3.83mm, 1mm and a solid screen to catch 
any small waste particles.
The chutes that delivered the products to the various collection points were 
redesigned so that each product emptied into a separate bucket mounted on 
the front frame. Several covers were placed over the screens to prevent 
product ‘bouncing’ out. The dockage tester’s screens were shaken by a cam 
system mounted on axles. The top screen was shaken from front to back, 
while the lower two from side to side. Figure 2.5 and Figure 2.6 show the 
dockage tester.
2.1.7 Conveyor Belt Rig
A conveyor belt was required for a number of quantification tests to 
determine the was in which the product mixtures were leaving the storage 
bin. The conveyor belt was incorporated with the intermediate frame at 
ground level, with the storage bin and mixer from positioned above. A full 
explanation of the conveyor belt testing can be found in Chapter 7.
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Figure 2.5 : Dockage Tester Outlets
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Figure 2.6 : Dockage Tester
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3.1 Design of Sampling Probes
After reviewing the sampling probes which had been used in the past, in 
particular comparing the size of the probes and the sampling points, the 
decision was made that these would not be suitable for sampling mixtures 
containing granular particles, due to the size of some of the products 
planned for use.
A number of variations were designed and trialed but proved to be 
unsuccessful, but each subsequent design showed improvement. The first 
promising design is shown in Figure 3.1 and comprised two aluminium tubes 
fitting one inside the other, the outer tube having a cap on the end to ensure 
no product entered the sampling probe until required. Both tubes had a 5 
millimetre slot machined into them to allow material to pass through when 
sampling. The method of sampling was such that the initial orientation of the 
outer tube had it’s slot facing downward and the inner tube’s slot facing 
upward. Once both tubes of the sampling probe had been inserted into a 
sample hole, the outer tube was rotated 180 degrees aligning both slots at 
the top, allowing the sample to enter. After several seconds the outer tube 
was once again rotated 180 degrees before being withdrawn from the 
mixture, this minimised interference with the obtained sample. After 
completing these trials there was still some concern at the way in which the 
product in front of the flat surface of the outer tube was being displaced, this 
can also be seen from tests carried out by Schofield[29], see Figure 3.2. The
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material was being pushed forward and outward which would interfere with 
the product which was to be collected by the sampling probe.
In an attempt to overcome this problem, several additions were designed 
and placed on the end of the sampling probe, a conical tip and a chisel tip. 
Two sizes of each were trialed, one 25 millimetres in length and the other 50 
millimetres, see Figure 3.3. These should reduce the harshness of the 
displacement which takes place in front of the sampling probe, but an added 
modification would have to be made to the perspex sampling bin, explained 
in Section 3.2, to accommodate the pointed sections. Holes need to be 
drilled in the back of the perspex sampling bin for the tips to continue 
through to allow the slot in the sampling probes to be positioned in the same 
relative position as they were used initially.
SAMPLING PRDBE ARRANGEMENT ALL DIMENSIONS IN MILLIMETRES
230
BOTH TUBES ALUMINIUM
Figure 3.1 : Sampling Probe Design
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Figure 3.2 : Product Being Displaced By Sampling Probe Insertion [29]
(b) 50 mm Long Conical Tip (d) 50 mm Long Chisel Tip
Figure 3.3 : Four Additional Sampling Probe Tip Designs
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Figure 3.4 : Perspex Sampling Box
For the initial quantification tests two products were used, rape seed and 
PVC powder. Three product arrangements were used for each probe and 
three samples were taken for each arrangement: (i) rape seed front half - 
PVC powder back half, (ii) PVC powder front half - rape seed back half, and
3.2 Quantification Tests
A small perspex sampling box was designed, as shown in Figure 3.4. It was 
made to the same depth as the perspex observation bin to emulate a portion 
of the full scale rig. Several holes were drilled through both sides of the box 
for insertion of the sampling probes. In Appendix B, Figure B-18, Figure B-19 
and Figure B-20 show detailed drawings of the perspex sampling bin.
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(iii) equal mix of both products by volume. In all three cases there was an 
equal quantity of each product by volume. After filling the perspex sampling 
bin, three samples were taken using the first probe, then the remaining 
product disposed of and a new batch prepared where the next probe was 
used, and so on. The samples were then sieved to separate the two 
products and the mass of each recorded and the volume of each product in 
the sample determined. Hence the percentage of each product with respect 
to volume was calculated. Table 3.1 shows the averaged results of all tests 
for the 5 different sampling probe tip designs.
Flat tip 25 mm 
conical tip
50 mm 
conical tip
25 mm 
chisel tip
50 mm 
chisel tip
R.S.# PVC* R.S. PVC R.S. PVC R.S. PVC R.S. PVC
R.S. front 
PVC back 93.5 6.5 89.8 10.2 78.2 21.8 85.1 14.9 84.0 16.0
PVC front 
R.S. back 73.1 26.9 68.7 31.3 78.2 21.8 72.9 27.1 75.1 24.9
Equal mix by 
volume 48.8 51.2 49.8 50.2 52.2 47.8 48.8 51.2 49.3 50.7
#  R.S. Rape Seed, * PVC - PVC Powder (All values are % volume)
Table 3.1 : Averaged Quantification Test Results
The complete set of results for these tests can be found in Appendix C Table 
C-1.
The results of the sampling tests where the products were initially separate, 
that is, one product filling the front half of the sampling bin and the other
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filling the back half, showed a substantial difference in percentage volume to 
that of the actual quantity of each product present in the mixture. This would 
indicate that to obtain an accurate result using this sampling technique, the 
products should be initially mixed.
As can be seen from both Table 3.1 and Appendix C Table C-1, the best 
results for each probe were obtained when the two products were in the 
mixed state. Although the 25 millimetre conical tip showed slightly better 
results for the mixed trial, the 50 millimetre chisel tip probe was chosen as 
the most accurate probe due to there being less visually displaced product 
as the probe was inserted, so not interfering with the mixture where the 
sample is to be collected.
This sampling probe was then chosen to be the one used for the preliminary 
sampling of the mixtures created in the 60 litre Forberg Mixer.
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4.1 Forberg Mixer
A 60 litre Forberg mixer, see Figure 4.1 and Figure 4.2, was obtained to 
carry out mixing trials on a variety of mixtures to evaluate the possible use of 
the mixer in the full scale test program. The mixer consists of two paddle 
wheels, each having 14 paddles, see Figure 4.3, and a timer which can be 
set anywhere from several seconds to several hours. Two bay doors open 
pneumatically at the bottom of the mixer and a container collects the mixed 
product. It must be noted that a mixture must be emptied from the unit while 
the paddles are still rotating.
Figure 4.1 : Internals of a Forberg Mixer [12]
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Figure 4.2 : A 60 Litre Forberg Mixer
Figure 4.3 : The paddles in a Forberg Mixer
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The small perspex sampling bin used previously was placed in the empty 
container under the mixer so a portion of the mixed product can be collected 
without handling.
4.2 Products
A range of products was selected for these trials as there was no way to tell 
what would be suitable. Initially rape seed was chosen to be the larger 
product of the binary mixture combination and so a finer, smaller product 
was pursued which had to have a distinct size difference to that of the rape 
seed to allow for ease of separation after testing. The solid density, ps, and 
the loose poured bulk density, pbi, of the products used in the mixing trials 
are summarized in Table 4.1, also listed are the size ranges of the products.
Product Size range 
pm
Solids density 
Ps, kg/m3
Loose poured 
bulk density 
pbi, kg/m3
Rape seed > 1000 1166 661
PVC powder <900 953 265
River sand <900 3146 1585
Glass beads 105-210 2462 1418
Grain dust <900 1630 206
Table 4.1 : Product Densities
The solid densities of the products were determined using a pycnometer and 
the loose poured bulk densities determined by pouring product into a
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measuring cylinder to various levels and calculating the mass for 1 cubic 
metre.
4.3 Product Combinations Used in the 60 Litre Forberg Mixer
4.3.1 Rape Seed and PVC Powder
Quantities of rape seed and PVC powder equal by volume, were poured into 
the two halves of the mixer in alternating layers. The timer was set for a 60 
second mix, upon which time the bay doors were opened to collect the 
mixture.
The perspex sampling bin was removed and 3 samples were taken using the 
50 millimetre chisel tip probe.
Analysis of the three samples showed that on average, by volume, the rape 
seed comprised 50.5% and the PVC powder 49.5%. This agreed with the 
visual observations and gave a nearly perfect mix.
Table 4.2 shows the initial state of the products when added to the mixer, the 
varying mixing times and average percentages by volume of each of the 
products.
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Initial product 
form
Mixing time (sec) Rape Seed 
% Volume
PVC Powder 
% Volume
50/50 separate 60 50.5 49.5
50/50 Mixed 60 52.1 47.9
50/50 Mixed 30 52.0 48.0
50/50 Mixed 20 52.7 47.3
Table 4.2 : Product States, Mixing Times and 
Percentage of Each Product in Samples
In Table 4.2, the term ‘Mixed’ refers to the product not being sieved after the 
mixing run and put straight back into the mixer. A full set of results for these 
tests can be found in Appendix C Table C-2.
As can be seen from the lower three sets of results, a less uniform mixture 
resulted. This would indicate from the tests performed that to get the best 
results, the products should be mixed from an initially separate state, that is, 
to avoid further segregation due to apparent overmixing.
An observation which should be noted is that the rape seed had a fine 
coating of the PVC powder which had statically adhered to the rape seed 
while the mixing operation was proceeding.
Problems arose when the products were to be separated in the dockage 
tester. Due to the static charge in the PVC powder, it blocked the voids in 
the sieving screen and resulted in a quantity of the powder being deposited 
in the collection bin of the rape seed. This meant systematic removal of the 
screens for cleaning which proved to be a tedious process.
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As a result of this, the decision was made that the PVC powder should not 
be used any further. One major problem which could have risen during full 
scale testing was that the powder may statically adhere to the perspex 
observation bin, thus creating problems for the visual observation of tests 
during the test program.
4.3.2 Rape Seed and River Sand
A quantity of river sand was sieved to a maximum particle size of 900pm and 
equal portions by volume of rape seed and river sand were added to the 
mixer in alternating layers. Mixing was set for 60 seconds and on inspection 
the resulting mix seemed to have a slight amount of segregation which 
appeared to be caused by the last amount of product falling out of the mixer. 
Otherwise there was a good mix overall. The perspex sample bin was 
removed and sampling was attempted with the 50 millimetre chisel tip probe. 
Insertion of the probe into the mixture proved almost impossible, as the 
coarseness of the sand was causing high friction on the surface of the outer 
tube of the sampling probe. When finally the probe had been inserted 
completely it was impossible to rotate the outer tube due to particles of sand 
having entered the void between the two tubes. As a result of this, no 
samples were successfully taken and the river sand was discarded as a 
possible product choice.
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4.3.3 Rape Seed and Glass Beads
Glass beads were to be the next product to be used in the mixer, but before 
completing a full mixer test, a smaller amount of rape seed and glass beads, 
equal by volume, was placed in a bucket and mixed by hand before being 
placed in the perspex sampling bin. This was done because the glass beads 
had a comparable loose poured bulk density to the river sand and the same 
result as the river sand was thought possible.
The assumption proved to be correct and the sampling probe was found to 
be extremely hard to insert into the mixture and once in, the inner tube could 
not be rotated. Again this meant that no samples could be taken and the 
glass beads were used no further.
4.3.4 Rape Seed and Grain Dust
Grain dust was obtained from the Port Kembla Grain Terminal and sifted to a 
maximum size of 900jnm. Once again an equal mix by volume was added to 
the Forberg mixer in alternating layers. On emptying of the mixer, the 
resulting mixture looked well mixed. The perspex sampling bin was removed 
and sampling was started, however the sampling proved to be slightly 
inaccurate as fibrous grain particles were also present in the grain dust 
which could not be removed during the sieving process. These fibrous 
particles caused some arching over the slot in the sampling probe, thus not 
allowing product to freely flow into the probe. To overcome this and allow
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product to flow into the sampling probe a slight twisting motion was required 
which displaced the particles causing the arching. To keep consistent 
results, this motion was used in all samples taken.
Mixing tests were performed on a 50/50 percentage mix by volume for 30 
seconds, 60 seconds and 120 seconds, with two mixing tests being carried 
out each time to gain enough results to compare samples and to determine if 
there was any difference in the mixture qualities for different time periods. 
The results are shown below in Table 4.3.
Initial product 
form
Mixing time (sec) % Vo I rape seed % Voi grain dust
Separate 30 57.4 42.6
Separate 60 56.7 43.3
Separate 120 56.8 43.2
Table 4.3 : Results of Rape Seed / Grain Dust Sampling
A full set of results for Table 4.3 can be found in Appendix C Table C-3.
The results were consistent for all tests carried out, but as can be seen, the 
percentages of each product varied considerably from the expected 50/50 
percentage mix which was used, probably due to the arching that the grain 
dust caused. It was decided that this product would not be a suitable
candidate for further testing.
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4.4 Rape Seed and White Plastic Pellets
After finding that none of the previous products were suitable for use, 
another product had to be found. It was decided to look for a larger product, 
thus making the rape seed the smaller of the two products. Again, the size 
difference between the two products had to be sufficient to be able to 
separate them with little effort after each required test. Various types of white 
plastic pellets have been used in the Materials Handling Laboratory for 
external consulting jobs. A quantity of leftover white plastic pellets was 
obtained to be used as the larger product. The white plastic pellets were 
chosen for both its shape and low static levels. The solid density and loose 
poured bulk density were determined and are shown in Table 4.4.
Product Size range 
pm
Solids density 
Ps, kg/m3
Loose poured 
bulk density 
pw, kg/m3
White plastic pellets >3830 910 536
Table 4.4 White Plastic Pellet Densities
These two products were selected as the two products to be used for the full 
scale testing program.
Figure 4.4 shows a close up view of a mixture of rape seed and white plastic 
pellets, showing the size difference of the products and that the rape seed 
has a spherical shape and the white plastic pellets have a cylindrical shape.
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Figure 4.4 : Mixture of Rape Seed and White Plastic Pellets 
4.5 Product Proportions
A batch of scrap white plastic pellets was poured into the perspex 
observation bin to obtain the approximate volume needed in the test 
program. In total, 240 litres of product was added to the bin, Table 4.5 was 
then produced by calculating five percent increments for each product, on a
volume basis.
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240 Litre Batch ( 12 x 20L mixes)
Rape Seed White Plastic Pellets
% Mass Batch % Mass Batch Total Total
Volume per size Volume per size mass per batch
20 L mix 20 L mix 20 L mix size
kg kg kg kg kg kg
5% 0.6608 7.929 95% 10.184 122.208 10.845 130.137
10% 1.3215 15.858 90% 9.648 115.776 10.970 131.634
15% 1.9823 23.787 85% 9.112 109.344 11.094 133.131
20% 2.6430 31.716 80% 8.576 102.912 11.219 134.628
25% 3.3038 39.645 75% 8.040 96.480 11.344 136.125
30% 3.9645 47.574 70% 7.504 90.048 11.469 137.622
35% 4.6253 55.503 65% 6.968 83.616 11.593 139.119
40% 5.2860 63.432 60% 6.432 77.184 11.718 140.616
45% 5.9468 71.361 55% 5.896 70.752 11.843 142.113
50% 6.6075 79.290 50% 5.360 64.320 11.968 143.610
55% 7.2683 87.219 45% 4.824 57.888 12.092 145.107
60% 7.9290 95.148 40% 4.288 51.456 12.217 146.604
65% 8.5898 103.077 35% 3.752 45.024 12.342 148.101
70% 9.2505 111.007 30% 3.216 38.592 12.467 149.599
75% 9.9113 118.936 25% 2.680 32.160 12.591 151.096
80% 10.5720 126.865 20% 2.144 25.728 12.716 152.593
85% 11.2328 134.794 15% 1.608 19.296 12.841 154.090
90% 11.8936 142.723 10% 1.072 12.864 12.966 155.587
95% 12.5543 150.652 5% 0.536 6.432 13.090 157.084
Table 4.5 : Possible Proportions of Rape Seed and White Plastic 
Pellets to Facilitate Accurate Mixtures by Volume
As there are a variety of product combinations, the loose poured bulk density 
of each mixture varies. This meant that the bulk density of each mixture had 
to be calculated. Table 4.6 and Figure 4.5 shows the result of these tests.
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Rape Seed 
% Volume
White Plastic 
Pellets 
% Volume
Pbl
kg/m3
0 100 536
10 90 562
. 15 85 577
20 80 588
25 75 599
30 70 609
35 65 619
40 60 627
45 55 636
50 50 641
55 45 644
60 40 648
65 35 652
70 30 655
75 25 657
80 20 658
85 15 659
90 10 659
100 0 661
Table 4.6 : Loose Poured Bulk Density of Different Mixtures
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5.1 Computer Sampling
In a complete turn around, the decision was made that the use of sampling 
probes would prove too inaccurate with regards to the interference of the 
probes on the remaining product. The only way of avoiding this would be to 
have the sampling probes spaced at large distances from one another, thus 
only limited sampling points would be able to be used.
It was believed that there may be a way in which a PC based computer could 
be used to analyse a ‘captured’ image to provide a two dimensional sample 
of the product mixture.
5.2 Diglmage
Diglmage is a PC based software package used for Image Processing of 
Fluid Dynamics. Use of a video player allows images to be analysed by way 
of a frame grabber card.
After videoing a number of images in the perspex observation bin, the 
Diglmage program was used to analyse percentage quantities of both the 
rape seed and white plastic pellets in the sample. After some 
experimentation and modifying the settings in Diglmage, there had been no 
luck in successfully analysing the samples. This meant that another software 
package had to be found.
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5.3 Snappy
Snappy is used to digitize a video signal, whether from television, video 
camera or video cassette recorder. Play Incorporated, the company who 
produces this hardware, has designed a new chip to gain the highest 
possible resolution from any video source, the HD-1500 chip which can read 
a horizontal resolution of 1500 pixels at its maximum setting.
The Snappy unit plugs into a PC’s parallel port and is accessed via a 
software package which accompanies the unit. The unit is powered by a 9V 
battery or a 9V DC regulated power supply connected to the mains power. 
The software is 32-bit based and requires Microsoft Windows 95 to run and 
at least a Pentium based PC to produce quick processing times.
The Snappy software title screen is shown in Figure 5.1.
Figure 5.1: Title Screen and Main Options Available for Snappy
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5.3.1 Snappy Options
Snap - The button pressed to capture an image.
Preview - The video signal is displayed on the screen twice per second, for 
the operator to choose when to snap.
Adjust - Pressing this button takes the user to a further menu where fine 
tuning of the image can be performed, such as changes to brightness, 
contrast and sharpness. Modifications to the image size and quality can also 
be chosen. As well as this, a colour image of the last captured image is 
shown which will display any changes which are selected.
Save - Images can be saved by pressing this button, a number of different 
image formats being possible.
Print - A captured image can be printed if a printer is connected to the PC. 
Setup - By pressing this button, the Snappy unit can be set for the desired 
use.
Further details of the menus will be given in Section 6.5 where the procedure 
for image acquisition is explained.
5.4 Optimas
Optimas was the next software package to be trialled. This program is PC 
based and requires a security key to be plugged into the PC’s parallel port to 
enable full use of the available functions. The program is used to analyse 
images in a wide variety of ways, from particle size to colour intensity.
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An image was obtained using Snappy and after searching through the 
available image analysis options, the function ‘Percent Areas’ was found to 
successfully analyse the image by breaking the image into two distinct parts, 
one section for the rape seed and the other for the white plastic pellets. A full 
procedure for operating the Optimas software is explained in Section 6.6.
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6.1 Batch Preparation
Each segregation test used 240 litres of material and so 12 separate mixing
runs were required to prepare a mixture as the Forberg Mixer’s capacity was
20 litres.
The procedure is as follows;
1. The quantities of each product for each 20 litre mix are measured out as 
per the values in Table 4.5 and kept separate until added to the Forberg 
mixer. When mixing, the product with the higher percentage value is 
added to the mixer first. In the case of the 50/50 mixture, half the batches 
are mixed with the rape seed added first and the other half with the white 
plastic pellets added first, this was done was for consistency.
2. Using a stopwatch, the mixer is operated for 60 seconds, at which time 
the doors on the underside of the mixer are opened and the mixture 
dropped into the storage bin. The doors are then once again closed.
3. This sequence is repeated for all required mixes.
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6.2 Conveyor Belt Tests
To allow the conveyor belt to be positioned under the storage bin, the 
intermediate frame had to be lowered from above the perspex observation 
bin frame to the ground. The storage bin frame and the mixer frame were 
then both lifted on top of the intermediate frame. The conveyor belt was then 
positioned through the intermediate frame under the opening in the ball 
valve.
This arrangement is shown in Figure 6.1.
Figure 6.1 : Setup for the Conveyor Belt Tests
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The procedure for running the conveyor belt tests is as follows;
1 .  The conveyor belt is connected to a variable speed drive which is 
connected to a 3 phase power supply.
2. Using a test batch of the required quantity, the variable speed setting is 
adjusted until the belt is travelling at an acceptable speed.
3. Prepare a batch by following the procedure laid out in Section 6.1.
4. Start the conveyor belt.
5. Open the ball valve, allowing the mixture to fall onto the belt.
6. Stop the conveyor belt before any of the mixture falls off the far end.
7. Using a sampling device, as shown in Figure 6.2, 3 samples are taken 
along the bed of mixture. The sampler consists of two curved “blades” with 
the same contour as the curvature of the conveyor belt bed and are joined 
together with a 100mm spacing. The sampler is pushed into the mixture 
bed, trapping a quantity of product, which is collected for analysis.
CHAPTER 6 - TESTING PROCEDURES 74
Figure 6.2 : Sampling Device Used on Conveyor Belt
8. Sieve each sample recording the mass proportions of each product and 
then calculate the percentage volume of each, comparing these values to 
the initial mixture content.
9. Repeat the test as necessary.
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6.3 Stream Sampling
To verify that the mixture was not in any way segregated before it entered
the perspex observation bin, a series of samples were taken from the stream
during a full scale test.
The procedure for obtaining the stream samples is as follows;
1. Mix a complete batch as per the procedure in Section 6.1.
2. Lift the storage bin on top of the intermediate frame and the perspex 
observation bin. Secure the ball valve to the vertical pipe leading to the 
perspex bin and connect the compressed air lines to the pneumatic 
actuator which controls the ball valve. Move the mixer frame into the 
vacant area.
3. Prepare a number of buckets with a cup in each one in which the samples 
are to be collected and ensure that they are numbered clearly to keep 
track of each.
4. Position a stepladder in such a way that it allows easy access to the hole 
in the lid of the perspex observation bin.
5. Connect the compressed air to the pneumatic controls.
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6. Start the test by opening the ball valve.
7. At regular intervals, place a cup under the stream until full, remove the 
cup and place it in the bucket and prepare to take the next sample. It is 
useful to have a second person helping at this stage.
8. Once the test is complete, sieve each sample and record the mass 
proportions of each product and calculate the percentage volume of each, 
followed by the average of all samples in the series. Compare the result to 
the known quality of the mixture being tested.
6.4 Recording a Full Scale Test
1. Prepare a batch as per the procedure in Section 6.1.
2. Lift the storage bin on top of the intermediate frame and the perspex 
observation bin. Secure the ball valve to the vertical pipe leading to the 
perspex bin and connect the compressed air lines to the pneumatic 
actuator which controls the ball valve. Move the mixer frame into the 
vacant area.
3. Connect the compressed air to the pneumatic controls.
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4. Position lights around the test rig and turn them on.
5. Set up the video camera at a distance far enough away from the perspex 
sampling bin so that the whole bin and hopper arrangement is in the field 
of view. Start the video camera recording.
6. Start the test by opening the ball valve.
7. Once the test is complete, stop the video camera and close the ball valve.
8. Using the video camera, record any other views desired, such as 
closeups of the hopper or the side view.
9. Turn off lights.
10. At a later stage the video of the test can be replayed and the test time 
recorded using a stopwatch.
6.5 Image Acquisition
To analyse the tests, the perspex observation bin needed to be divided up
into workable sized areas. For symmetry, it was decided to have 9 squares
across the bin, therefore resulting in square sizes of 110 x 110mm. In the
hopper, there were 26 squares present and in the bin there were 108. Figure
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6.3 shows the bin design and the position of the sample squares as well as 
the numbering of them.
126 127 128 129 130 131 132 133 134
117 ne 119 120 121 122 123 124 125
108 105 tlo I I I 112 113 114 115 116
19 loo IO | 102 103 104 105 106 107
Ï0 51 92 93 94 95 96 97 96
«1 SI S3 84 8S 86 87 88 89
72 73 74 75 76 77 7Ô 79 8o
64 65 66 67 66 69 7o 7/
54 55 56 57 58 59 6o 6| 62
45 44 47 45 49 5b SI sa 53
36 37 38 39 40 41 42 43 4 4
27 26 29 3o 31 32 33 34 35
Figure 6.3 : Sample Square Positions
Obtaining an image of the sample squares on the perspex observation bin, 
involves the combined use of a video camera, Snappy and a personal 
computer. Figure 6.4 shows the way in which these components are
connected.
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Figure 6.4 : Image Analysis Computer Setup
The procedure for capturing the sample square images is as follows;
1. Attach Snappy to a parallel port in the back of the personal computer and 
plug Snappy into the power supply.
2. Connect the video-out port on the video camera to the RCA plug fitting on 
Snappy.
3. Turn the computer on, with Windows 95 and run the Snappy software. 
The screen shown in Figure 6.5 will appear.
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Figure 6.5 : Snappy Title Screen
4. Click on the Setup button, the screen shown in Figure 6.6 will appear.
Figure 6.6 : Snappy Setup Options
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The three most commonly used options are;
- Video Source. The image to be captured can come from a live camera or 
from a tv/video recorder signal.
- Picture Quality. There are four choices, a moving scene, which only 
‘looks’ at the image once before processing it and then there are 3 still 
scene options, the highest of which ‘looks’ at the image eight times before 
processing it.
- Picture Type. The image can be either colour or black and white.
There is also an option to save the settings, so that each time the program 
is used, the settings do not have to be re-selected. Select the options to 
best suit the conditions.
5. After selecting the sample square, number it so there is no confusion 
about which square it is when analysing it at a later stage.
6. Set up the video camera in front of the required sample square, zooming 
in as close as possible, taking into account the focus. Also make sure that 
the number of the sample square is in the field of view. If the lighting level 
is not high enough, use a light.
7. Press the Snap button on the computer and the image will be captured. A 
window will appear in the background with the image in it.
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8. Click on the Adjust button, the screen shown in Figure 6.7 will appear.
Figure 6.7 : Snappy Adjust Options
The file size can be selected from this menu as well as the colour quality. 
Down the right hand side of the window are a number of image editing 
options which can be used to make minor modifications to the current 
image which is displayed in the television screen. If modifications are 
performed, the Process button must be pressed for them to take affect.
10. To save an image, press the Save button and select the directory to save 
the file in and enter a file name. 1
11. To perform further image captures, follow steps 5 through 10 until
complete.
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6.6 Image Analysis
1. From within Windows 95 run the Optimas program.
2. From the ‘File’ menu, choose ‘Open Image File...’, select the file for 
analysis and press ‘OK’. A screen similar to that of Figure 6.8 will appear.
Figure 6.8 : A Loaded Image in the Optimas Program
3. Use the horizontal and vertical scroll bars to ensure that the desired
region is displayed on the screen.
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4. From the ‘Image’ toolbar, choose the button used to ‘Select a Freehand 
Region of Interest’, indicated on Figure 6.9. After pressing the button, the 
cursor will change to an arrow with a small ‘a’ to the lower right. With the 
cursor, select the region of interest by moving the cursor and pressing the 
left mouse button at the desired points. After selecting the second last 
point, press the right mouse button to close off the region.
&  û  3 f i  ■>, S fM iA i ì \
« rtaL
Ì mÜ HI!
jOm
■ lipM3 Edit 1
■ m
Ifi:
%SBj l j
ai
Hi
d 0 !
in lilih
mm m iü$ mm mm i h ü ü ü  i éii i i liiii i » . .- m u m
v * *  : . 0 %
*  w UM
:& . X • »‘ >$. * #
•* m
.& \ ••;:j£ * ■S ll •• *_ ■W. WÊm
1 m M
WËË %
iiliNU W'-fM- SviS&i 111
■&; •: '!. 1111 • H■> * :#$$ $*?:lljl
\  v•x'.. ’ ••••
]
•< ..:>$£ • « •
i f e Â î / Î  : • • *•••••••.; • >: . . .
•S  > • . •. • '
' -- " - ....
Py/.-x
Ü
1%
Figure 6.9 : A Selected Region on the Image
5. From the ‘Utilities’ menu, choose ‘Percent Area’, see Figure 6.10. A 
window will then appear on the screen with the title ‘Percent Areas’ as 
shown in Figure 6.11.
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Figure 6.10 : Selecting the ‘Percent Areas’ Function
6. From the ‘Percent Areas’ window, choose the ‘File’ menu and select the 
‘Set Thresholds...’ option, as in Figure 6.12. A window will appear titled 
‘Gray Multiple Threshold’, as shown in Figure 6.13.
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Figure 6.11 : The Percent Areas W indow
Figure 6.12 : Selecting ‘Set Thresholds
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Figure 6.13 : The Gray Multiple Thresholds W indow
7. By clicking on the ‘Add’ button, a window titled ‘Threshold’ will appear, 
see Figure 6.14 and Figure 6.15.
8. A graph is displayed in the top portion of this window showing the 
distribution of the 256 grey scale tones present in the image. Press the 
‘Set With Mouse’ button. The operator then moves the mouse cursor 
around the screen until the desired items have been selected. The left 
mouse button is then pressed, followed by pressing ‘OK’.
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Figure 6.14 : Threshold Range fo r White Plastic Pellets
Figure 6.15 : Threshold Range for Rape Seed
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9. Each time a threshold level has been selected, the user is asked to give 
this a distinct name and press Enter. The operator is then returned to the 
‘Gray Multiple Threshold’ window of Figure 6.13.
10.If there are any further threshold level to add, carry out steps 7 to 9 as 
required. If on the other hand, an existing threshold level needs to be 
modified, select the required threshold name from the list, see Figure 
6.16, and press the ‘Edit’ button, which will require the operator to perform 
steps 8 and 9 again.
Figure 6.16 : Threshold Names Added to L ist
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11.Once all threshold levels have been added or modified, close the ‘Gray 
Multiple Threshold’ window. The operator will then be returned to the 
‘Percent Areas’ window of Figure 6.17.
Figure 6.17 : Ready to Calculate Percentage Area fo r Products
12.Press the ‘Calculate Area(s)’ button and the results will be displayed in 
the ‘Data Information’ table at the bottom of the ‘Percent Areas’ window, 
as in Figure 6.18. Record the data.
If there are any more regions to analyse on the current image, perform 
Steps 4 - 6 and Steps 10-12.
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If there are further images to analyse, perform Steps 2 - 6  and Steps 10 - 
12.
Figure 6.18 : Percentage Areas Displayed fo r Products
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7.1 Conveyor Belt Trials
The conveyor belt trials were required to observe the discharge from the 
storage bin to determine whether any segregation was occurring in this part 
of the system. By looking at a 20L batch, the beginning, middle and end of a 
mixture pour could be studied. A number of samples were taken from several 
different batches, the results shown in the following sections.
7.1.1 Conveyor Belt Speed
The conveyor belt speed had to be set to an acceptable level and after some 
adjustment, the variable speed drive was finally set to 7 Hz which equated to 
a linear belt speed of 0.113 m/s.
7.2 Rape Seed 50 % / White Plastic Pellets 50 % by Volume
Before the sampling tests were performed, two other tests were carried out 
to look at the characteristics of the stream.
7.2.1 Initial Drop
This test was performed to look at the consistency of the mixture that was 
initially dropped from the ball valve. The ball valve was opened for
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approximately 1 second and then closed again, so that the product bed did 
not have time to form. The result is shown in Figure 7.1.
As the product fell from the valve, the rape seed seemed to hit the belt first 
and quickly moved radially outward from the point of impact. The white 
plastic pellets then fell, forming what looked like two rings, both colliding as 
the first ring contracted back toward the centre of the belt and the second 
ring was moving outward. The white plastic pellets finally concentrated at the 
centre of the belt with the rape seed making up the remainder of the pattern. 
On measuring, the pattern was 1 metre from tip to tip, along the conveyor 
belt.
Figure 7.1 : Result o f a 1 Second Drop o f Product
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A further test was performed to determine the quality of the initial drop of 
product which discharged from the storage bin and ball valve. This was done 
by placing a bucket under the ball valve, opening and closing the valve 
quickly twice. The collected material was then sieved and the percentage 
proportions by volume calculated and recorded. For the first sample the 
results were rape seed 72%, white plastic pellets 28% showing considerable 
variation to the expected 50 % rape seed, 50 % white plastic pellets.
This method of testing was then continued for the entire 20 litre batch. 20 
samples were taken in all, the averages of samples 2 through 19 were rape 
seed 48.48% and white plastic pellets 51.52%, of those 18 tests, sample 16 
had the largest variation, rape seed 47% and white plastic pellets 53%. 
Sample 20 was the second worst result with rape seed 55.5% and white 
plastic pellets 44.5%, but this was somewhat expected as it was the last 
remaining portion of product in the storage bin. Table 7.1 summarizes the 
results of the 20 samples.
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Mass Final State
Sample
Number
Rape seed (g) W PP (g) Rape seed 
% Volume
WPP  
% Volume
1 383.6 120.9 72 28
2 243.7 218 47.6 52.4
3 185.2 154.9 49.2 50.8
4 290.7 249.4 48.6 51.4
5 260 226.5 48.2 51.8
6 273.6 248.7 47.2 52.8
7 306 263.3 48.5 51.5
8 284.7 251 47.9 52.1
9 339.7 291.5 48.6 51.4
10 339.5 285 49.1 50.9
11 347.5 301.4 48.3 51.7
12 350.3 313.1 47.6 52.4
13 327.3 297.5 47.2 52.8
14 362.4 321.4 47.8 52.2
15 300 259.7 48.4 51.6
16 389.7 357 47 53
17 357 301.7 49 51
18 479.4 367.1 51.4 48.6
19 357.9 278.9 51 49
20 416.7 271.4 55.5 44.5
Table 7.1 : Results of 20 Samples Dropped from the Storage Bin 
for a 50% Rape Seed, 50% White Plastic Pellet Mixture
7.2.2 Stream Symmetry
There was a need to determine if the flow out of the ball valve was full bore 
flow or not. To do this, the video camera was set up in line with the ball valve 
outlet and the valve was opened. From observation of the video after the 
test, it looked as though the flow was full bore but there were slightly more 
white plastic pellets on one side than the other. This could have been due to 
the floor being unlevel.
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7.2.3 Sampling Test
A 20 litre batch of product was mixed and dropped into the storage bin, the 
conveyor belt was started and the ball valve opened. As the initial product hit 
the belt, the pattern explained in Section 7.2.1 occurred and then the product 
bed began to form and steadied to a constant width until the 20 litres had 
been emptied. The conveyor was then stopped before any of the product fell 
off the end of the belt. In the section of the product bed which had a stable 
width, three samples were taken using the sampling device shown in Figure 
6.2; one at the beginning, middle and end. These were analysed and the 
results being an average of rape seed 49.1% and white plastic pellets 
50.9%, thus showing a variation of 0.9% from the expected result. Table 7.2 
shows the full set of results for this test.
Rape Seed 50 % /  White Plastic Pellets 50 % by Volume
Rape Seed 
9
Rape Seed 
% Volume
WPP
g
WPP  
% Volume
1 270.5 48.9 228.8 51.1
2 303.5 48.1 265.6 51.9
3 319.6 50.3 255.7 49.7
AVG 49.1 AVG 50.9
Table 7.2 : Results for the Rape Seed 50 % I White Plastic 
Pellets 50 % by Volume Conveyor Belt Test
As the results for the rape seed 50 % / white plastic pellets 50 % by volume 
mix were so accurate, it was decided that the two extreme cases should be
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tested next, rape seed 25 % / white plastic pellets 75 % by volume and rape 
seed 75 % / white plastic pellets 25 % by volume. If the results of these 
compared favourably with the results already obtained, an assumption would 
be made that all other product combinations would also show similar results.
7.3 Rape Seed 25 % I White Plastic Pellets 75 % by Volume
The product was mixed and emptied onto the conveyor belt where 3 samples 
were taken. These samples were analysed and the average results were 
rape seed 24.6% and white plastic pellets 75.4%, showing a 0.4% variation. 
Table 7.3 shows the full set of results for this test.
Rape Seed 25 % /  White Plastic Pellets 75 % by Volume
Rape Seed 
9
Rape Seed 
% Volume
WPP
g
WPP  
% Volume
1 128.8 25.6 303.6 74.4
2 131.0 23.4 347.7 76.6
3 142.0 24.9 346.5 75.1
AVG 24.6 AVG 75.4
Table 7.3 : Results for the Rape Seed 25 % / White Plastic 
Pellets 75 % by Volume Conveyor Belt Test
7.4 Rape Seed 75 % I White Plastic Pellets 25 % by Volume
The product was mixed and emptied onto the conveyor belt where 3 samples 
were taken. These samples were analysed and the average results were
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rape seed 75.5% and white plastic pellets 24.5%, showing a 0.5% variation. 
Table 7.4 shows the full set of results for this test.
Rape Seed 75 % /  White Plastic Pellets 25 % by Volume
Rape Seed 
9
Rape Seed 
% Volume
WPP
g
WPP  
% Volume
1 452.5 74.6 124.8 25.4
2 507.6 74.5 141.2 25.5
3 513.6 77.3 122.3 22.7
AVG 75.5 AVG 24.5
Table 7.4 : Results for the Rape Seed 75 % / White Plastic 
Pellets 25 % by Volume Conveyor Belt Test
7.5 Conveyor Belt Trial Conclusions
These three sets of results prove that there is little or no segregation 
occurring to the product mixtures as the batches are emptied from the 
Forberg mixer into the storage bin and from the storage bin.
Although only a 20L batch was used for the sampling tests in these cases, 
the assumption was made that the highest degree of segregation, if any, 
would occur to the first batch of product entering the storage bin as it fell the 
furthest distance, 2234 mm to the closed ball valve.
As there is minimal segregation occurring as the product leaves the storage 
bin, in can almost certainly be assumed that the mixture entering the perspex 
observation bin is still fully mixed. Hence, sampling only needed to be
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performed to the final mixture in the perspex bin, where comparisons were 
able to be made against the original mixture qualities.
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8.1 Stream Sampling
To rule out any segregation occurring at the outlet joining to the perspex 
observation bin it was decided to perform in-line stream sampling. Stream 
sampling was initially performed on the two extreme cases and then the 
middle case, that is mixtures containing 25%, 50% and 75% rape seed. 
Depending on the results that were achieved, additional trials may need to 
be performed.
8.1.1 Rape Seed 25 % / White Plastic Pellets 75 % by Volume
Ten samples were taken from the stream at regular intervals over the entire 
length of the test. The samples were then sieved, weighed and the 
percentage volumes of each product calculated. Table 8.1 shows the results 
of the test.
The worst result was that of the tenth sample, having a variation of 3.6 % 
from the expected result. The closest result was that of the first sample 
having only a variation of 0.6 % from the expected result. Overall, the 
average of the 10 samples showed a variation of 1.8 % from the expected
value.
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Rape Seed 25 % Volume
White Plastic Pellets 75 % Volume
Sample Rape Rape White Plastic White Plastic
Number Seed Seed Pellets Pellets
_______ 9_______ % Volume 9 % Volume
1 90.7 24.4 227.6 75.6
2 86.1 23.6 226.4 76.4
3 83.7 23.3 223.5 76.7
4 82.9 22.8 228.1 77.2
5 80.0 22.8 220.2 77.2
6 80.9 24.1 206.4 75.9
7 77.1 22.8 212.0 77.2
8 81.7 23.6 214.5 76.4
9 82.1 23.0 223.5 77.0
10 75.5 21.4 225.0 78.6
AVERAGE 23.2 76.8
Table 8.1 : Results of the Rape Seed 25% / White
Plastic Pellets 75% by Volume Stream Test
8.1.2 Rape Seed 50 % / White Plastic Pellets 50 % by Volume
Ten samples were taken from the stream at regular intervals over the entire 
length of the test. The samples were then sieved, weighed and the 
percentage volumes of each product calculated. Table 8.2 shows the results 
of the test.
The worst result was that of the eighth sample, having a variation of 1.2 % 
from the expected result. The closest result was that of the sixth sample 
having only a variation of 0.1 % from the expected result. Overall, the 
average of the 10 samples showed a variation of 0.5 % from the expected
value.
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Rape Seed 
White Plastic Pellets
50 % Volume 
50 % Volume
Sample Rape Rape White Plastic White Plastic
Number Seed Seed Pellets Pellets
9 % Volume 9 % Volume
1 173.7 49.0 146.7 51.0
2 158.6 49.0 133.7 51.0
3 151.3 50.7 119.3 49.3
4 152.5 49.4 126.6 50.6
5 148.1 49.4 123.0 50.6
6 153.7 49.9 125.1 50.1
7 158.5 49.5 131.2 50.5
8 163.4 48.8 138.8 51.2
9 152.0 49.8 124.2 50.2
10 143.8 49.4 119.4 50.6
AVERAGE 49.5 50.5
Table 8.2 : Results of the Rape Seed 50% / White Plastic
Pellets 50% by Volume Stream Test
8.1.3 Rape Seed 75 % / White Plastic Pellets 25 % by Volume
Ten samples were taken from the stream at regular intervals over the entire 
length of the test. The samples were then sieved, weighed and the 
percentage volumes of each product calculated. Table 8.3 shows the results 
of the test.
The worst result was that of the ninth sample, having a variation of 1.6 % 
from the expected result. The closest result was that of the tenth sample 
having only a variation of 0.1 % from the expected result. Overall, the 
average of the 10 samples showed a variation of 0.9 % from the expected
value.
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Rape Seed 
White Plastic Pellets
75 % Volume 
25 % Volume
Sample Rape Rape White Plastic White Plastic
Number Seed Seed Pellets Pellets
9 % Volume 9 % Volume
1 254.6 74.1 72.0 25.9
2 251.1 73.5 73.4 26.5
3 256.2 74.3 71.7 25.7
4 251.8 73.2 74.7 26.8
5 255.6 74.5 70.9 25.5
6 246.1 74.4 68.7 25.6
7 243.4 74.3 68.2 25.7
8 252.3 74.6 69.7 25.4
9 249.2 73.4 73.3 26.6
10 249.4 74.9 67.7 25.1
AVERAGE 74.1 25.9
Table 8.3 : Results of the Rape Seed 75% / White Plastic
Pellets 25% by Volume Stream Test
8.2 Stream Sampling Conclusions
After completing the three tests shown previously, the results of which were 
all within 1.8 % of the expected result, there did not seem to be any need to 
go ahead and test the other remaining percentage mixtures. This meant that 
up until the time the product mixture entered the perspex observation bin, 
there was no significant segregation occurring, thus showing that any and all 
segregation that occurred from this point on was a direct result of entering 
and reacting with the perspex sampling bin.
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9.1 Lighting Levels
In order to analyse an image in Optimas it was not sufficient to set the 
threshold levels for the two products once and then analyse all of the images 
obtained from a test. This was due to two main factors, constantly changing 
lighting levels in the laboratory as there are a number of skylights in the roof 
and also due to the repositioning of the light used to highlight a given 
sampling point. This can be seen by two sample points taken from the same 
test shown in Figure 9.1, where sample points 57 and 58 have a white 
plastic pellet threshold level of 124 - 255 and Figure 9.2 where sample 
points 73 and 74 have a white plastic pellet threshold level of 72 - 255.
9.2 Accuracy of Calibration
The accuracy of the selected thresholds had to somehow be determined as 
the only real way that the thresholds could be set was by visual observation 
as it was being manipulated. This would lead to slight differences depending 
on the person performing the image analysis and so to try and quantify this, 
three further sets of results were obtained from different individuals for three 
sample points selected from a rape seed 55 % / white plastic pellets 45 % by 
volume test and compared to the actual analysed test results. These results 
are displayed in Table 9.1.
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Figure 9.1 : Sample Points 57 and 58, White Plastic 
Pellet Threshold Level is 124 - 255
Figure 9.2 : Sample Points 73 and 74, White Plastic 
Pellet Threshold Level is 72 - 255
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Sample Number
37 61 75
1 Test Result W PP Threshold 
% Area
8 0 -2 5 5  
60.340 %
8 4 -2 5 5  
62.726 %
105 - 255 
36.030 %
2 Person 1 W PP Threshold 
% Area
% Variation From Test Result
8 5 -2 5 5  
57.861 % 
-2.479 %
79 - 255 
65.094 % 
+2.368 %
106 - 255 
35.485 % 
-0.545 %
3 Person 2 W PP Threshold 
% Area
% Variation From Test Result
8 7 -2 5 5  
56.893 % 
-3.447 %
8 6 -2 5 5  
61.775 % 
-0.951 %
108 - 255 
34.638 % 
-1.392 %
4 Person 3 W PP Threshold 
% Area
% Variation From Test Result
8 6 -2 5 5  
57.317 % 
-3.023 %
87 - 255 
61.251 % 
-1.475 %
100 -255  
38.200 % 
+2.170%
Table 9.1 : Results of the Calibration of Optimas
The results for the three additional analyses showed that the range fell 
between -3.447% and + 2.368%, compared to the results of sampling tests 
using sampling probes, especially mixing trials of 50% rape seed / 50% grain 
dust by volume, as shown in Section 4.3.4, where the difference was as
much as 6.8%.
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10.1 Test Numbering System
The tests were numbered in such a way that they represented the date 
backwards, that is in YYMMDD format, so a test performed on the 1st 
January 1996 would have a test number of 960101.
10.2 Maiden Test
The maiden test was test number 961016 and comprised rape seed 75 % / 
white plastic pellets 25 % by volume.
After mixing the 12 batches and positioning the storage bin above the 
perspex observation bin the test was ready to begin. The video camera was 
positioned and started and the ball valve opened.
As the mixture began to fill the perspex observation bin, it could instantly be 
seen that the white plastic pellets were forming at the walls of the hopper 
and the rape seed at the centre. This continued the whole way up through 
the hopper and the bin, the white plastic pellets always forming a slightly 
thicker band.
Straight away, segregation could be seen to be forming along with a number 
of individual segregation mechanisms, namely, sifting, avalanching and 
dynamic effect and possibly several others.
The resulting segregation pattern can be seen in Figure 10.1.
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Figure 10.1 : Test Number 961016 - Rape Seed 75 % / 
White Plastic Pellets 25 % by Volume
An observation of the stream as it was entering the perspex observation bin 
was that it was slightly to the left, this would probably account for the 
thickness of the band of white plastic pellets on the right hand side being 
slightly thinner than on the left hand side of the bin.
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10.3 Modifications to the Rig
After running the maiden test, several modifications were carried out.
It was suggested that the 400 mm long standpipe be replaced with one made 
of perspex to allow observation of the mode of flow of the product as 
explained in Section 2.1.3.
This is the stage at which the sampling probe method of sampling was 
discarded as explained in Section 5.1.
The lighting had to be looked into further to allow for good quality videoing of 
the tests.
10.4 Test Program
Initially the tests to be performed were to range from 25 % rape seed to 75 % 
rape seed in increments of 10% and include the 50 % rape seed mix. This 
range was modified after a complication that occurred during testing which 
will be explained further in Section 11.3.2.
The 50/50 mix was analysed also, both on the front and the back of the 
perspex bin to check for symmetry.
Table 10.1 displays the tests performed in the program.
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Rape Seed 
% by Volume
White Plastic Pellets 
% by Volume
Test Number
75 25 970123
75 25 970407
65 35 970206
55 45 970221
55 45 970324
50 50 970402 FRONT
50 50 970402 BACK
45 55 970226
35 65 970228
30 70 970415
25 75 970318
25 75 970411
20 80 970417
15 85 970418
10 90 970326
10 90 970409
Table 10.1 : Tests Performed in the Test Program
10.5 Observations During Test Program
The segregation patterns formed as expected, that is, for gravity filling, the 
larger particles tended toward the outside of the bin while the smaller 
particles concentrated in the centre.
As the stream was making contact with the top of the heap, it could be 
clearly seen that some rape seed was bouncing away from the apex towards 
the sides and would form a thin layer up the sides of the hopper and bin. 
This was a result of the dynamic segregation mechanism and due to the 
distance which the mixture had to fall to form the heap.
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In all cases, except for the 50/50 mixture, the stream was slightly off-centre, 
more to the left than the right. This was also observed in the maiden test and 
resulted in a slightly non-symmetrical segregation pattern in the perspex 
observation bin.
This asymmetry was considered to be minor, the largest deviation would 
occur in the hopper, with a variation of approximately 25mm but the area of 
interest was the bin, the closer to the inlet, the less the variation. By 
averaging the results for corresponding squares on either side of the bin, the 
variation was reduced.
10.6 Visual Test Results
The following section displays the visual results of each tested mixture in 
Figures 10.2 through to Figure 10.12. Where more than one test was 
performed for a given mixture quality, only one photo is displayed to avoid 
repetitiveness. Note that there are bands of light present on the photos 
which were unavoidable, these were caused by the reflection of the lights 
used when the tests were running and being videoed.
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Figure 10.2 : 970407 - Rape Seed 75 % /
White Plastic Pellets 25 % by Volume
Figure 10.3 : 970206 - Rape Seed 65 % /
White Plastic Pellets 35 % by Volume
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Figure 10.4 : 970324 - Rape Seed 55 % / 
White Plastic Pellets 45 % by Volume
Figure 10.5 : 970402 - Rape Seed 50 % /
White Plastic Pellets 50 % by Volume
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Figure 10.6 : 970226 - Rape Seed 45 % / 
White Plastic Pellets 55 % by Volume
Figure 10.7 : 970228 - Rape Seed 35 % /
White Plastic Pellets 65 % by Volume
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Figure 10.8 : 970415 - Rape Seed 30 % / 
White Plastic Pellets 70 % by Volume
Figure 10.9 : 970411 - Rape Seed 25 % /
White Plastic Pellets 75 % by Volume
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Figure 10.10 : 970417 - Rape Seed 20 % / 
White Plastic Pellets 80 % by Volume
Figure 10.11 : 970418 - Rape Seed 15 % /
White Plastic Pellets 85 % by Volume
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Figure 10.12 : 970409 - Rape Seed 1 0 % /  
White Plastic Pellets 90 % by Volume
10.7 Quantitative Test Results
The batch size used, meant that there were 107 sample squares in the range 
of the test so that 107 sample points had to be captured with Snappy and 
analysed with Optimas. Any square which was less that half filled with 
product, that is, those squares containing a portion of the heap slope, were 
not analysed as it was thought that the results for these squares would be 
inaccurate.
Taking into consideration the slight non-symmetry of the stream as it entered 
the bin, two complete sets of results were formed for each test. The first set 
was the raw set taken straight from the Optimas program, and the second
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was an averaged set of results. The averaging took place by taking 
corresponding sample squares on either side of the bin and averaging them, 
these two squares would then take on the averaged value. This method was 
used for all sample squares except for the central column which was left as 
is.
Table 10.2 displays the averaged results for the 16 tests performed, while 
the raw results from Optimas can be found in Appendix D Table D-1. 
Samples which contain a dash rather than a value, are ones in which less 
than half the region contained product.
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970123 970407 970206 §70221
75% 25% 75% 25% 65% 35% 55% 45%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 97.6% 2.4% 78.4% 21.6% 96.2% 3.8% 95.3% 4.7%
2 94.9% 5.1% 822% 17.8% 90.6% 9.4% 83.0% 17.0%
3 98.6% 1.4% 79.3% 20.7% 97.6% 2.4% 97.9% 2.1%
4 94.9% 5.1% 82.2% 17.8% 90.6% 9.4% 83.0% 17.0%
5 • 98.3% 1.7% 80.8% 19.2% 94.1% 5.9% 85.9% 14.1%
6 99.9% 0.1% 75.7% 24.3% 99.3% 0.7% 97.9% 2.1%
7 98.3% 1.7% 80.8% 19.2% 94.1% 5.9% 85.9% 14.1%
8 84.6% 15.4% 77.5% 22.5% 86.0% 14.0% 64.2% 35.9%
9 99.2% 0.8% 88.6% 11.4% 97.6% 2.4% 89.1% 10.9%
10 99.8% 0.2% 84.5% 15.5% 99.6% 0.4% 97.2% 2.8%
11 99.2% 0.8% 88.6% 11.4% 97.6% 2.4% 89.1% 10.9%
12 84.6% 15.4% 77.5% 22.5% 86.0% 14.0% 64.2% 35.9%
13 61.9% 38.1% 50.3% 49.7% 71.9% 28.1% 66.0% 34.0%
14 94.9% 5.1% 81.1% 18.9% 94.5% 5.5% 74.0% 26.0%
15 99.4% 0.6% 86.6% 13.4% 97.3% 2.7% 85.9% 14.1%
16 99.5% 0.5% 86.0% 14.0% 99.2% 0.8% 84.5% 15.5%
17 99.4% 0.6% 86.6% 13.4% 97.3% 2.7% 85.9% 14.1%
18 94.9% 5.1% 81.1% 18.9% 94.5% 5.5% 74.0% 26.0%
19 61.9% 38.1% 50.3% 49.7% 71.9% 28.1% 66.0% 34.0%
20 67.2% 32.8% 50.8% 49.2% 68.0% 32.0% 51.8% 48.2%
21 98.9% 1.1% 84.1% 15.9% 96.6% 3.4% 76.0% 24.0%
22 99.4% 0.6% 83.3% 16.7% 96.4% 3.6% 87.3% 12.7%
23 99.5% 0.5% 85.7% 14.3% 97.0% 3.0% 90.6% 9.4%
24 99.4% 0.6% 83.3% 16.7% 96.4% 3.6% 87.3% 12.7%
25 98.9% 1.1% 84.1% 15.9% 96.6% 3.4% 76.0% 24.0%
26 67.2% 32.8% 50.8% 49.2% 68.0% 32.0% 51.8% 48.2%
27 43.4% 56.6% 41.2% 58.8% 43.7% 56.3% 49.8% 50.2%
28 86.6% 13.4% 66.7% 33.3% 70.3% 29.7% 66.4% 33.6%
29 99.5% 0.5% 94.9% 5.1% 96.7% 3.3% 92.4% 7.6%
30 96.0% 2.0% 87.6% 12.4% 88.9% 11.1% 84.2% . 15.8%
31 97.7% 2.3% 89.0% 11.0% - 90.2% 9.8% 83.0% 17.0%
32 98.0% 2.0% 87.6% 12.4% 88.9% 11.1% 84.2% 15.8%
33 99.5% 0.5% 94.9% 5.1% 96.7% 3.3% 92.4% 7.6%
34 86.6% 13.4% 66.7% 33.3% 70.3% 29.7% 66.4% 33.6%
35 43.4% 56.6% 41.2% 58.8% 43.7% 56.3% 49.8% 50.2%
36 29.6% 70.4% 35.8% 64.2% 42.8% 57.2% 42.9% 57.1%
37 80.1% 19.9% 64.5% 35.5% 69.3% 30.7% 59.5% 40.5%
38 99.5% 0.5% 94.8% 5.2% 96.6% 3.4% 93.6% 6.4%
39 98.3% 1.7% 88.9% 11.1% 89.9% 10.1% 82.2% 17.8%
40 98.7% 1.3% 92.1% 7.9% 88.9% 11.1% 78.1% 21.9%
41 98.3% 1.7% 88.9% 11.1% 89.9% 10.1% 82.2% 17.8%
42 99.5% 0.5% 94.8% 5.2% 96.6% 3.4% 93.6% 6.4%
43 80.1% 19.9% 64.5% 35.5% 69.3% 30.7% 59.5% 40.5%
44 29.6% 70.4% 35.8% 64.2% 42.8% 57.2% 42.9% 57.1%
45 29.6% 70.4% 27.3% 72.7% 36.5% 63.5% 37.6% 62.4%
46 79.1% 20.9% 59.5% 40.5% 60.2% 39.8% 61.8% 38.2%
47 99.6% 0.4% 96.6% 3.4% 94.6% 5.4% 94.5% 5.5%
48 99.3% 0.7% 92.5% 7.5% 93.4% 6.6% 84.1% 15.9%
49 99.2% 0.8% 93.8% 6.2% 88.8% 11.2% 76.2% 23.8%
50 99.3% 0.7% 92.5% 7.5% 93.4% 6.6% 84.1% 15.9%
51 99.6% 0.4% 96.6% 3.4% 94.6% 5.4% 94.5% 5.5%
52 79.1% 20.9% 59.5% 40.5% 60.2% 39.8% 61.8% 38.2%
53 29.6% 70.4% 27.3% 72.7% 36.5% 63.5% 37.6% 62.4%
54 28.5% 71.5% 26.8% 73.2% 36.9% 63.1% 30.2% 69.8%
Table 10.2 : Averaged Results from Segregation Tests
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970123 970407 970206 970221
75% 25% 75% 25% 65% 35% 55% 45%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 65.5% 34.5% 60.1% 39.9% 56.6% 43.4% 50.1% 49.9%
56 99.3% 0.7% 94.4% 5.6% 94.7% 5.3% 91.3% 8.7%
57 99.2% 0.8% 93.3% 6.7% 94.3% 5.7% 89.9% 10.1%
58 99.3% 0.7% 95.6% 4.4% 92.5% 7.5% 79.9% 20.1%
59 99.2% 0.8% 93.3% 6.7% 94.3% 5.7% 89.9% 10.1%
60 99.3% 0.7% 94.4% 5.6% 94.7% 5.3% 91.3% 8.7%
61 65.5% 34.5% 60.1% 39.9% 56.6% 43.4% 50.1% 49.9%
62 28.5% 71.5% 26.8% 73.2% 36.9% 63.1% 30.2% 69.8%
63 24.8% 75.2% 21.7% 78.3% 38.7% 61.3% 25.3% 74.7%
64 61.1% 38.9% 55.6% 44.4% 48.9% 51.1% 40.2% 59.9%
65 98.6% 1.4% 95.4% 4.6% 90.5% 9.5% 87.1% 12.9%
66 98.4% 1.6% 93.9% 6.1% 91.9% 8.1% 87.9% 12.1%
67 99.3% 0.7% 95.2% 4.8% 94.4% 5.6% 77.2% 22.8%
68 98.4% 1.6% 93.9% 6.1% 91.9% 8.1% 87.9% 12.1%
69 98.6% 1.4% 95.4% 4.6% 90.5% 9.5% 87.1% 12.9%
70 61.1% 38.9% 55.6% 44.4% 48.9% 51.1% 40.2% 59.9%
71 24.8% 75.2% 21.7% 78.3% 38.7% 61.3% 25.3% 74.7%
72 24.5% 75.5% 21.3% 78.7% 29.5% 70.5% 20.9% 79.1%
73 53.3% 46.7% 56.8% 43.2% 44.1% 55.9% 30.3% 69.7%
74 96.6% 3.4% 95.2% 4.8% 87.8% 12.2% 77.3% 22.7%
75 97.8% 2.2% 93.6% 6.4% 89.4% 10.6% 82.2% 17.8%
76 97.8% 2.2% 95.0% 5.0% 90.5% 9.5% 77.2% 22.8%
77 97.8% 2.2% 93.6% 6.4% 89.4% 10.6% 82.2% 17.8%
78 96.6% 3.4% 95.2% 4.8% 87.8% 12.2% 77.3% 22.7%
79 53.3% 46.7% 56.8% 43.2% 44.1% 55.9% 30.3% 69.7%
80 24.5% 75.5% 21.3% 78.7% 29.5% 70.5% 20.9% 79.1%
81 18.6% 81.4% 22.8% 77.2% 27.0% 73.0% 21.1% 78.9%
82 44.1% 55.9% 55.0% 45.0% 42.1% 57.9% 33.5% 66.5%
83 93.3% 6.7% 93.7% 6.3% 85.9% 14.1% 75.8% 24.3%
84 95.2% 4.8% 92.2% 7.8% 90.3% 9.7% 81.0% 19.0%
85 95.8% 4.2% 94.7% 5.3% 92.9% 7.1% 75.6% 24.4%
86 95.2% 4.8% 92.2% 7.8% 90.3% 9.7% 81.0% 19.0%
87 93.3% 6.7% 93.7% 6.3% 85.9% 14.1% 75.8% 24.3%
88 44.1% 55.9% 55.0% 45.0% 42.1% 57.9% 33.5% 66.5%
89 18.6% 81.4% 22.8% 77.2% 27.0% 73.0% 21.1% 78.9%
90 22.8% 77.2% - - - - - -
91 40.0% 60.0% 50.9% 49.1% 37.4% 62.6% 23.6% 76.4%
92 90.7% 9.3% 91.4% 8.6% 76.9% 23.1% 66.9% 33.1%
93 93.4% 6.6% 92.5% 7.5% 86.0% 14.0% 80.3% 19.7%
94 95.6% 4.4% 93.8% 6.2% 91.2% 8.8% 77.6% 22.4%
95 93.4% 6.6% 92.5% 7.5% 86.0% 14.0% 80.3% 19.7%
96 90.7% 9.3% 91.4% 8.6% 76.9% 23.1% 66.9% 33.1%
97 40.0% 60.0% 50.9% 49.1% 37.4% 62.6% 23.6% 76.4%
96 22.8% 77.2% - - - - - -
99 - - - - - - - -
100 - - - - - -  . - -
101 - - - -  , - - - -
102 88.3% 11.7% - - 79.9% 20.1% 73.2% 26.8%
103 89.0% 11.0% 91.3% 8.7% 87.6% 12.4% 79.7% 20.3%
104 88.3% 11.7% - - 79.9% 20.1% 73.2% 26.8%
105 - - - - - - - -
106 - - - - - - - -
107 - - - - - - - -
Table 10.2 (cont.): Averaged Results from Segregation Tests
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970324 970402 FRONt 970402 BACK 970226
55% 45% 50% 50% 50% 50% 45% 55%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 76.4% 23.6% 78.5% 21.5% 85.0% 15.0% 69.0% 31.0%
2 74.8% 25.2% 71.2% 28.8% 70.1% 29.9% 73.7% 26.3%
3 82.3% 17.7% 74.9% 25.1% 73.2% 26.8% 82.7% 17.3%
4 74.8% 25.2% 71.2% 28.8% 70.1% 29.9% 73.7% 26.3%
5 84.5% 15.5% 78.9% 21.1% 63.5% 36.5% 72.0% 28.0%
6 89.0% 11.0% 76.3% • 23.7% 81.7% 18.3% 82.3% 17.7%
7 84.5% 15.5% 78.9% 21.1% 63.5% 36.5% 72.0% 28.0%
8 63.4% 36.6% 68.5% 31.5% 62.8% 37.2% 52.8% 47.2%
9 83.0% 17.0% 78.7% 21.3% 65.4% 34.6% 75.3% 24.7%
10 76.2% 23.8% 76.2% 23.8% 81.6% 18.4% 73.9% 26.1%
11 83.0% 17.0% 78.7% 21.3% 65.4% 34.6% 75.3% 24.7%
12 63.4% 36.6% 68.5% 31.5% 62.8% 37.2% 52.8% 47.2%
13 56.2% 43.8% 68.8% 31.2% 72.9% 27.1% 60.6% 39.4%
14 65.7% 34.3% 79.2% 20.8% 63.5% 36.5% 60.7% 39.3%
15 76.9% 23.1% 79.0% 21.0% 79.7% 20.3% 68.3% 31.7%
16 74.2% 25.8% 79.9% 20.1% 91.5% 8.5% 62.5% 37.5%
17 76.9% 23.1% 79.0% 21.0% 79.7% 20.3% 68.3% 31.7%
18 65.7% 34.3% 79.2% 20.8% 63.5% 36.5% 60.7% 39.3%
19 56.2% 43.8% 68.8% 31.2% 72.9% 27.1% 60.6% 39.4%
20 51.7% 48.3% 51.1% 48.9% 54.5% 45.5% 50.5% 49.5%
21 76.4% 23.6% 81.3% 18.7% 60.2% 39.8% 68.3% 31.7%
22 74.7% 25.3% 76.1% 23.9% 74.5% 25.5% 67.6% 32.4%
23 74.8% 25.2% 79.3% 20.7% 80.4% 19.6% 71.5% 28.5%
24 74.7% 25.3% 76.1% 23.9% 74.5% 25.5% 67.6% 32.4%
25 76.4% 23.6% 81.3% 18.7% 60.2% 39.8% 68.3% 31.7%
26 51.7% 48.3% 51.1% 48.9% 54.5% 45.5% 50.5% 49.5%
27 45.0% 55.0% 45.5% 54.5% 58.0% 42.0% 44.2% 55.8%
28 50.2% 49.8% 63.7% 36.3% 53.8% 46.2% 48.9% 51.1%
29 81.0% 19.0% 90.6% 9.4% 72.0% 28.0% 80.5% 19.5%
30 75.2% 24.8% 76.5% 23.5% 70.9% 29.1% 63.6% 36.4%
31 79.4% 20.6% 80.6% 19.4% 72.1% 27.9% 68.8% 31.2%
32 75.2% 24.8% 76.5% 23.5% 70.9% 29.1% 63.6% 36.4%
33 81.0% 19.0% 90.6% 9.4% 72.0% 28.0% 80.5% 19.5%
34 50.2% 49.8% 63.7% 36.3% 53.8% 46.2% 48.9% 51.1%
35 45.0% 55.0% 45.5% 54.5% 58.0% 42.0% 44.2% 55.8%
36 40.3% 59.7% 45.2% 54.8% 49.8% 50.2% 41.7% 58.3%
37 54.6% 45.4% 61.5% 38.5% 49.0% 51.0% 46.8% 53.2%
38 84.1% 15.9% 90.8% 9.2% 76.6% 23.4% 81.4% 18.6%
39 77.6% 22.4% 78.6% 21.4% 73.8% 26.2% 67.4% 32.6%
40 76.1% 23.9% 81.8% 18.2% 81.6% 18.4% 65.0% 35.0%
41 77.6% 22.4% 78.6% 21.4% 73.8% 26.2% 67.4% 32.6%
42 84.1% 15.9% 90.8% 9.2% 76.6% 23.4% 81.4% 18.6%
43 54.6% 45.4% 61.5% 38.5% 49.0% 51.0% 46.8% 53.2%
44 40.3% 59.7% 45.2% 54.8% 49.8% 50.2% 41.7% 58.3%
45 41.7% 58.3% 39.6% 60.4% 39.8% 60.2% 39.9% 60.1%
46 49.3% 50.7% 57.0% 43.0% 44.4% 55.6% 44.7% 55.3%
47 85.2% 14.8% 90.3% 9.7% 70.4% 29.6% 82.7% 17.3%
48 80.5% 19.5% 78.2% 21.8% 74.9% 25.1% 68.7% 31.3%
49 79.3% 20.7% 82.5% 17.5% 79.5% 20.5% 70.8% 29.2%
50 80.5% 19.5% 78.2% 21.8% 74.9% 25.1% 68.7% 31.3%
51 85.2% 14.8% 90.3% 9.7% 70.4% 29.6% 82.7% 17.3%
52 49.3% 50.7% 57.0% 43.0% 44.4% 55.6% 44.7% 55.3%
53 41.7% 58.3% 39.6% 60.4% 39.8% 60.2% 39.9% 60.1%
54 35.9% 64.1% 36.1% 63.9% 37.4% 62.6% 36.4% 63.6%
Table 10.2 (cont.): Averaged Results from Segregation Tests
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Ö70324 970402 fronV 970402 BACK 970226
55% 45% 50% 50% 50% 50% 45% 55%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 46.2% 53.8% 48.6% 51.4% 40.0% 60.0% 42.8% 57.2%
56 83.8% 16.2% 89.3% 10.7% 68.7% 31.3% 80.2% 19.8%
57 82.5% 17.5% 81.3% 18.7% 74.6% 25.4% 70.0% 30.0%
58 79.7% 20.3% 81.1% 18.9% 79.3% 20.7% 72.3% 27.7%
59 82.5% 17.5% 81.3% 18.7% 74.6% 25.4% 70.0% 30.0%
60 83.8% 16.2% 89.3% 10.7% 68.7% 31.3% 80.2% 19.8%
61 46.2% 53.8% 48.6% 51.4% 40.0% 60.0% 42.8% 57.2%
62 35.9% 64.1% 36.1% 63.9% 37.4% 62.6% 36.4% 63.6%
63 33.9% 66.1% 32.1% 67.9% 33.3% 66.7% 32.7% 67.3%
64 40.7% 59.3% 40.1% 59.9% 33.5% 66.5% 39.8% 60.2%
65 78.9% 21.1% 86.4% 13.6% 65.6% 34.4% 81.4% 18.6%
66 80.8% 19.2% 78.3% 21.7% 76.5% 23.5% 75.1% 24.9%
67 84.1% 15.9% 80.4% 19.6% 81.6% 18.4% 74.9% 25.1%
68 80.8% 19.2% 78.3% 21.7% 76.5% 23.5% 75.1% 24.9%
69 78.9% 21.1% 86.4% 13.6% 65.6% 34.4% 81.4% 18.6%
70 40.7% 59.3% 40.1% 59.9% 33.5% 66.5% 39.8% 60.2%
71 33.9% 66.1% 32.1% 67.9% 33.3% 66.7% 32.7% 67.3%
72 33.9% 66.1% 28.5% 71.5% 31.7% 68.3% 29.0% 71.0%
73 41.0% 59.0% 32.8% 67.2% 31.2% 68.8% 34.9% 65.1%
74 78.8% 21.2% 82.3% 17.7% 58.8% 41.2% 76.7% 23.3%
75 79.6% 20.4% 77.1% 22.9% 76.7% 23.3% 76.5% 23.5%
76 82.9% 17.1% 81.2% 18.8% 76.8% 23.2% 77.5% 22.5%
77 79.6% 20.4% 77.1% 22.9% 76.7% 23.3% 76.5% 23.5%
78 78.8% 21.2% 82.3% 17.7% 58.8% 41.2% 76.7% 23.3%
79 41.0% 59.0% 32.8% 67.2% 31.2% 68.8% 34.9% 65.1%
80 33.9% 66.1% 28.5% 71.5% 31.7% 68.3% 29.0% 71.0%
81 30.8% 69.2% 25.4% 74.6% 25.6% 74.4% 17.7% 82.3%
82 37.6% 62.4% 34.2% 65.8% 27.9% 72.1% 30.5% 69.5%
83 75.4% 24.6% 82.5% 17.5% 56.8% 43.2% 73.3% 26.7%
84 79.5% 20.6% 77.2% 22.8% 75.6% 24.4% 68.6% 31.4%
85 80.8% 19.2% 79.5% 20.6% 77.2% . 22.9% 70.6% 29.4%
86 79.5% 20.6% 77.2% 22.8% 75.6% 24.4% 68.6% 31.4%
. 87 75.4% 24.6% 82.5% 17.5% 56.8% 43.2% 73.3% 26.7%
88 37.6% 62.4% 34.2% 65.8% 27.9% 72.1% 30.5% 69.5%
89 30.8% 69.2% 25.4% 74.6% 25.6% 74.4% 17.7% 82.3%
90 - - - . - - - - . -
91 - - - ■ - - - - -
92 70.2% 29.8% 73.3% 26.7% 42.5% 57.5% 62.3% 37.7%
93 80.1% 19.9% 75.9% 24.1% 70.8% 29.2% 67.6% 32.4%
94 82.1% 17.9% 78.3% 21.7% 75.5% 24.5% 71.6% 28.4%
95 80.1% 19.9% 75.9% 24.1% 70.8% 29.2% 67.6% 32.4%
96 70.2% 29.8% 73.3% 26.7% 42.5% 57.5% 62.3% 37.7%
97 - - - . - - - - -
98 - - - - - - - -
99 - - - - - - - -
100 - - - - - - - -
101 - - - ' - - - - -
102 - - - - - - - -
103 - - - - - - - -
104 - - - - - - - -
105 - - - - - - - -
106 - - ' - - - - - -
107 - - • - - - - - -
Table 10.2 (cont.): Averaged Results from Segregation Tests
CHAPTER 10 - FULL SCALE TESTS 127
9V0228 970415 970318 970411
35% 65% 30% 70% 25% 75% 25% 75%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 50.9% 49.1% 43.4% 56.6% 38.2% 61.8% 35.1% 64.9%
2 50.1% 49.9% 53.3% 46.7% 45.9% 54.1% 41.9% 58.1%
3 29.3% 70.7% 42.9% 57.1% 29.8% 70.2% 24.8% 75.2%
4 50.1% 49.9% 53.3% 46.7% 45.9% 54.1% 41.9% 58.1%
5 44.8% 55.2% 51.2% 48.8% 40.6% 59.4% 37.6% 62.4%
6 36.9% 63.2% 40.7% 59.3% 34.8% 65.2% 34.5% 65.5%
7 44.8% 55.2% 51.2% 48.8% 40.6% 59.4% 37.6% 62.4%
8 44.3% 55.7% 50.1% 49.9% 51.6% 48.4% 51.5% 48.5%
9 44.7% 55.3% 44.1% 55.9% 43.7% 56.3% 35.1% 64.9%
10 51.7% 48.3% 44.5% 55.5% 41.1% 58.9% 31.9% 68.1%
11 44.7% 55.3% 44.1% 55.9% 43.7% 56.3% 35.1% 64.9%
12 44.3% 55.7% 50.1% 49.9% 51.6% 48.4% 51.5% 48.5%
13 57.9% 42.1% 59.5% 40.5% 63.9% 36.1% 66.4% 33.6%
14 51.9% 48.1% 43.2% 56.8% 45.6% 54.4% 44.5% 55.5%
15 50.5% 49.6% 46.7% 53.3% 46.5% 53.5% 40.7% 59.3%
16 49.5% 50.5% 43.0% 57.0% 41.6% 58.4% 41.6% 58.4%
17 50.5% 49.6% 46.7% 53.3% 46.5% 53.5% 40.7% 59.3%
18 51.9% 48.1% 43.2% 56.8% 45.6% 54.4% 44.5% 55.5%
19 57.9% 42.1% 59.5% 40.5% 63.9% 36.1% 66.4% 33.6%
20 45.2% 54.8% 42.9% 57.1% 48.1% 51.9% 47.8% 52.2%
21 54.6% 45.4% 40.0% 60.0% 45.3% 54.7% 45.6% 54.4%
22 51.7% 48.3% 46.7% 53.3% 41.3% 58.7% 41.6% 58.4%
23 50.8% 49.2% 43.2% 56.8% 39.5% 60.5% 47.1% 52.9%
24 51.7% 48.3% 46.7% 53.3% 41.3% 58.7% 41.6% 58.4%
25 54.6% 45.4% 40.0% 60.0% 45.3% 54.7% 45.6% 54.4%
26 45.2% 54.8% 42.9% 57.1% 48.1% 51.9% 47.8% 52.2%
27 47.2% 52.8% 47.9% 52.1% 55.7% 44.3% 48.7% 51.3%
28 49.8% 50.2% 44.3% 55.7% 49.6% 50.4% 32.7% 67.3%
29 70.9% 29.1% 56.8% 43.2% 57.0% 43.0% 51.4% 48.6%
30 58.4% 41.6% 49.0% 51.0% 44.0% 56.0% 45.1% 54.9%
31 65.2% 34.8% 45.3% 54.7% 41.6% 58.4% 40.1% 59.9%
32 58.4% 41.6% 49.0% 51.0% 44.0% 56.0% 45.1% 54.9%
33 70.9% 29.1% 56.8% 43.2% 57.0% 43.0% 51.4% 48.6%
34 49.8% 50.2% 44.3% 55.7% 49.6% 50.4% 32.7% 67.3%
35 47.2% 52.8% 47.9% 52.1% 55.7% 44.3% 48.7% 51.3%
36 42.8% 57.2% 45.3% 54.7% 52.5% 47.5% 46.4% 53.6%
37 44.2% 55.8% 41.3% 58.7% 44.5% 55.5% 36.6% 63.4%
38 75.0% 25.0% 60.8% 39.2% 59.6% 40.4% 50.8% 49.2%
39 63.6% 36.4% 54.6% 45.4% 53.5% 46.5% 45.6% 54.4%
40 65.8% 34.2% 52.0% 48.0% 49.9% 50.1% 45.0% 55.0%
41 63.6% 36.4% 54.6% 45.4% 53.5% 46.5% 45.6% 54.4%
42 75.0% 25.0% 60.8% 39.2% 59.6% 40.4% 50.8% 49.2%
43 44.2% 55.8% 41.3% 58.7% 44.5% 55.5% 36.6% 63.4%
44 42.8% 57.2% 45.3% 54.7% 52.5% 47.5% 46.4% 53.6%
45 37.0% 63.0% 40.4% 59.6% 49.4% 50.6% 45.8% 54.2%
46 42.6% 57.4% 40.8% 59.2% 43.4% 56.6% 42.2% 57.8%
47 70.0% 30.0% 67.6% 32.4% 57.7% 42.3% 59.6% 40.4%
48 65.4% 34.6% 62.0% 38.0% 53.8% 46.2% 54.6% 45.4%
49 60.4% 39.6% 63.6% 36.4% 56.3% 43.7% 53.4% 46.6%
50 65.4% 34.6% 62.0% 38.0% 53.8% 46.2% 54.6% 45.4%
51 70.0% 30.0% 67.6% 32.4% 57.7% 42.3% 59.6% 40.4%
52 42.6% 57.4% 40.8% 59.2% 43.4% 56.6% 42.2% 57.8%
53 37.0% 63.0% 40.4% 59.6% 49.4% 50.6% 45.8% 54.2%
54 39.3% 60.7% 36.9% 63.1% 44.5% 55.5% 44.2% 55.8%
Table 10.2 (cont.): Averaged Results from Segregation Tests
CHAPTER 10 - FULL SCALE TESTS 128
Ö70228 " 970415 970318 970411
35% 65% 30% 70% 25% 75% 25% 75%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 41.3% 58.7% 37.1% 62.9% 36.0% 64.0% 39.4% 60.6%
56 73.7% 26.3% 62.3% 37.7% 56.0% 44.0% 61.3% 38.7%
57 65.5% 34.5% 65.1% 34.9% 56.2% 43.8% 61.7% 38.3%
58 68.2% 31.8% 70.5% 29.5% 56.9% 43.1% 65.0% 35.0%
50 65.5% 34.5% 65.1% 34.9% 56.2% 43.8% 61.7% 38.3%
60 73.7% 26.3% 62.3% 37.7% 56.0% 44.0% 61.3% 38.7%
61 41.3% 58.7% 37.1% 62.9% 36.0% 64.0% 39.4% 60.6%
62 39.3% 60.7% 36.9% 63.1% 44.5% 55.5% 44.2% 55.8%
63 35.5% 64.5% 33.5% 66.5% 40.6% 59.4% 41.0% 59.0%
64 38.5% 61.5% 30.6% 69.4% 35.7% 64.3% 33.3% 66.7%
65 70.8% 29.2% 60.2% 39.8% 58.1% 41.9% 52.1% 47.9%
66 67.5% 32.5% 64.8% 35.2% 60.6% 39.4% 56.4% 43.6%
67 70.4% 29.6% 71.4% 28.6% 65.6% 34.4% 59.4% 40.6%
68 67.5% 32.5% 64.8% 35.2% 60.6% 39.4% 56.4% 43.6%
69 70.8% 29.2% 60.2% 39.8% 58.1% 41.9% 52.1% 47.9%
70 38.5% 61.5% 30.6% 69.4% 35.7% 64.3% 33.3% 66.7%
71 35.5% 64.5% 33.5% 66.5% 40.6% 59.4% 41.0% 59.0%
72 30.3% 69.7% 28.6% 71.4% 37.0% 63.0% 33.1% 66.9%
73 33.6% 66.4% 30.1% 69.9% 33.6% 66.4% 32.8% 67.2%
74 68.2% 31.8% 55.4% 44.6% 53.8% 46.2% 51.8% 48.2%
75 61.0% 39.0% 629% 37.1% 50.2% 40.8% 54.2% 45.8%
76 61.3% 38.7% 69.3% 30.7% 68.1% 31.9% 55.9% 44.1%
77 61.0% 39.0% 62.9% 37.1% 59.2% 40.8% 54.2% 45.8%
78 68.2% 31.8% 55.4% 44.6% 53.8% 46.2% 51.8% 48.2%
79 33.6% 66.4% 30.1% 69.9% 33.6% 66.4% 32.8% 67.2%
80 30.3% 69.7% 28.6% 71.4% 37.0% 63.0% 33.1% 66.9%
81 20.2% 79.8% 18.9% 81.1% 21.4% 78.6% 22.8% 77.2%
82 26.1% 73.9% 27.7% 72.3% 26.8% 73.2% 27.5% 72.5%
83 55.2% 44.8% 57.6% 42.4% 57.0% 43.0% 48.9% 51.1%
84 57.5% 42.5% 63.7% 36.3% 59.8% 40.2% 54.5% 45.5%
85 62.7% 37.3% 70.1% 29.9% 64.4% 35.6% 58.5% 41.5%
86 57.5% 42.5% 63.7% 36.3% 59.8% 40.2% 54.5% 45.5%
87 55.2% 44.8% 57.6% 42.4% 57.0% 43.0% 48.9% 51.1%
88 26.1% 73.9% 27.7% 72.3% 26.8% 73.2% 27.5% 72.5%
89 20.2% 79.8% 18.9% 81.1% 21.4% 78.6% 22.8% 77.2%
90 - - - - - - - -
91 - - - - - - - -
92 47.8% 52.2% 54.1% 45.9% 45.5% 54.5% 45.2% 54.8%
93 56.9% 43.1% 69.9% 30.1% 59.3% 40.7% 60.6% 39.4%
94 61.6% 38.4% 75.5% 24.5% 64.4% 35.6% 63.9% 36.1%
95 56.9% 43.1% 69.9% 30.1% 59.3% 40.7% 60.6% 39.4%
96 47.8% 52.2% 54.1% 45.9% 45.5% 54.5% 45.2% 54.8%
97 - - - - - - - -
98 - - - - - - - -
99 - - - - - - - -
100 - - - - - - - -
101 - - - - - ■ - - -
102 - - - - - - - -
103 - - - - - - - -
104 - - - - - - - -
105 - - - - - - - -
106 ■ - - - - - - - -
107 • - - - - - ■ - -
Table 10.2 (cont.): Averaged Results from Segregation Tests
CHAPTER 10 - FULL SCALE TESTS 129
0^0417 970418 970326 ¿70409
20% 80% 15% 85% 10% 90% 10% 90%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 27.7% 72.3% 14.8% 85.2% 16.6% 83.4% 10.4% 89.6%
2 30.4% 69.6% 25.8% 74.2% 22.7% 77.3% 18.7% 81.3%
3 12.6% 87.4% 5.6% 94.4% 10.4% 89.6% 4.8% 95.2%
4 30.4% 69.6% 25.8% 74.2% 22.7% 77.3% 18.7% 81.3%
5 ' 21.9% 78.1% 14.9% 85.1% 15.8%. 84.2% 9.5% 90.5%
6 14.4% 85.6% 9.7% 90.3% 12.2% 87.8% 6.3% 93.7%
7 21.9% 78.1% 14.9% 85.1% 15.8% 84.2% 9.5% 90.5%
8 37.2% 62.8% 26.6% 73.4% 29.3% 70.7% 20.8% 79.2%
9 25.0% 75.0% 11.9% 88.1% 13.2% 86.8% 10.0% 90.0%
10 20.3% 79.7% 8.5% 91.5% 12.4% 87.6% 9.1% 90.9%
11 25.0% 75.0% 11.9% 88.1% 13.2% 86.8% 10.0% 90.0%
12 37.2% 62.8% 26.6% 73.4% 29.3% 70.7% 20.8% 79.2%
13 51.6% 48.4% 39.9% 60.1% 40.5% 59.5% 30.2% 69.8%
14 24.8% 75.3% 17.7% 82.3% 18.4% 81.6% 14.3% 85.7%
15 21.5% 78.5% 17.3% 82.7% 14.8% 85.2% 13.1% 86.9%
16 14.9% 85.1% 14.3% 85.7% 14.6% 85.4% 12.8% 87.2%
17 21.5% 78.5% 17.3% 82.7% 14.8% 85.2% 13.1% 86.9%
18 24.8% 75.3% 17.7% 82.3% 18.4% 81.6% 14.3% 85.7%
19 51.6% 48.4% 39.9% 60.1% 40.5% 59.5% 30.2% 69.8%
20 32.0% 68.0% 21.9% 78.1% 26.1% 73.9% 12.4% 87.6%
21 22.1% 77.9% 15.6% 84.4% 18.6% 81.4% 10.2% 89.8%
22 22.4% 77.6% 12.8% 87.2% 17.0% 83.0% 11.5% 88.5%
23 25.7% 74.3% 13.1% 86.9% 19.5% 80.5% 10.2% 89.8%
24 22.4% 77.6% 12.8% 87.2% 17.0% 83.0% 11.5% 88.5%
25 22.1% 77.9% 15.6% 84.4% 18.6% 81.4% 10.2% 89.8%
26 32.0% 68.0% 21.9% 78.1% 26.1% 73.9% 12.4% 87.6%
27 44.1% 55.9% 39.6% 60.4% 28.3% 71.7% 19.0% 81.0%
28 26.3% 73.7% 17.9% 82.1% 13.1% 86.9% 7.3% 92.7%
29 29.6% 70.4% 17.9% 82.1% 17.5% 82.5% 9.0% 91.0%
30 26.1% 73.9% 13.4% 86.6% 19.2% 80.8% 10.1%. 89.9%
31 27.5% 72.5% 8.2% 91.8% 18.4% 81.6% 13.0% 87.0%
32 26.1% 73.9% 13.4% 86.6% 19.2% 80.8% 10.1% 89.9%
33 29.6% 70.4% 17.9% 82.1% 17.5% 82.5% 9.0% 91.0%
34 26.3% 73.7% 17.9% 82.1% 13.1% 86.9% 7.3% 92.7%
35 44.1% 55.9% 39.6% 60.4% 28.3% 71.7% 19.0% 81.0%
36 40.6% 59.5% 36.9% 63.1% 20.4% 79.6% 16.3% 83.7%
37 26.3% 73.7% 16.7% 83.3% 7.6% 92.4% 6.3% 93.7%
38 29.8% 70.2% 21.2% 78.8% 10.2% 89.8% 10.7% 89.3%
39 31.5% 68.5% 17.0% 83.0% 8.7% 91.3% 12.6% 87.4%
40 32.6% 67.4% 15.2% 84.8% 11.0% 89.0% 12.8% 87.2%
41 31.5% 68.5% 17.0% 83.0% 8.7% 91.3% 12.6% 87.4%
42 29.8% 70.2% 21.2% 78.8% 10.2% 89.8% 10.7% 89.3%
43 26.3% 73.7% 16.7% 83.3% 7.6% 92.4% 6.3% 93.7%
44 40.6% 59.5% 36.9% 63.1% 20.4% 79.6% 16.3% 83.7%
45 38.0% 62.0% 32.2% 67.8% 19.6% 80.4% 13.9% 86.1%
46 27.0% 73.0% 16.7% 83.3% 9.9% 90.1% 5.6% 94.4%
47 31.7% 68.3% 19.3% 80.7% 14.2% 85.8% 10.4% 89.6%
48 36.1% 63.9% 19.1% 80.9% 6.9% 93.1% 10.2% 89.8%
49 39.5% 60.5% 19.5% 80.5% 12.1% 87.9% 12.8% 87.2%
50 36.1% 63.9% 19.1% 80.9% 6.9% 93.1% 10.2% 89.8%
51 31.7% 68.3% 19.3% 80.7% 14.2% 85.8% 10.4% 89.6%
52 27.0% 73.0% 16.7% 83.3% 9.9% 90.1% 5.6% 94.4%
53 38.0% 62.0% 32.2% 67.8% 19.6% 80.4% 13.9% 86.1%
54 33.1% 66.9% 31.5% 68.5% 17.8% 82.2% 11.2% 88.8%
Table 10.2 (cont.) : Averaged Results from Segregation Tests
CHAPTER 10 - FULL SCALE TESTS 130
970417 970418 970326 970409
20% 80% 15% 85% 10% 90% 10% 90%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 23.4% 76.6% 14.5% 85.5% 9.5% 90.5% 6.3% 93.7%
56 33.3% 66.7% 16.5% 83.5% 10.9% 89.1% 8.9% 91.1%
57 39.0% 61.0% 19.2% 80.8% 6.3% 93.7% 9.2% 90.8%
58 46.4% 53.6% 20.5% 79.5% 12.9% 87.1% 13.0% 87.0%
59 39.0% 61.0% 19.1% 80.9% 6.3% 93.7% 9.2% 90.8%
60 33.3% 66.7% 16.5% 83.5% 10.9% 89.1% 8.9% 91.1%
61 23.4% 76.6% 14.5% 85.5% 9.5% 90.5% 6.3% 93.7%
62 33.1% 66.9% 31.5% 68.5% 17.8% 82.2% 11.2% 88.8%
63 33.3% 66.7% 29.5% 70.5% 27.6% 72.4% 15.1% 84.9%
64 25.3% 74.7% 16.1% 83.9% 7.4% 92.6% 7.1% 93.0%
65 32.6% 67.4% 18.2% 81.8% 9.6% 90.4% 10.3% 89.7%
66 40.1% 50.9% 22.4% 77.6% 7.6% 92.4% 10.4% 89.6%
67 50.0% 50.0% 25.4% 74.6% 14.6% 85.4% 16.4% 83.6%
68 40.1% 59.9% 22.4% 77.6% 7.6% 92.4% 10.4% 89.6%
69 32.6% 67.4% 18.2% 81.8% 9.6% 90.4% 10.3% 89.7%
70 25.3% 74.7% 16.1% 83.9% 7.4% 92.6% 7.1% 93.0%
71 33.3% 66.7% 29.5% 70.5% 27.6% 72.4% 15.1% 84.9%
72 26.4% 73.6% 26.4% 73.6% 21.9% 78.1% 18.0% 82.0%
73 22.9% 77.1% 14.4% 85.6% 6.6% 93.4% 8.8% 91.2%
74 37.6% 62.4% 18.1% 81.9% 11.3% 88.7% 12.9% 87.1%
75 45.5% 54.5% 22.2% 77.8% 10.7% 89.3% 13.5% 86.5%
76 51.5% 48.5% 30.1% 69.9% 13.7% 86.3% 19.1% 80.9%
77 45.5% 54.5% 22.2% 77.8% 10.7% 89.3% 13.5% 86.5%
78 37.6% 62.4% 18.1% 81.9% 11.3% 88.7% 12.9% 87.1%
79 22.9% 77.1% 14.4% 85.6% 6.6% 93.4% 8.8% 91.2%
80 26.4% 73.6% 26.4% 73.6% 21.9% 78.1% 18.0% 82.0%
81 22.9% 77.1% 23.3% 76.7% 21.4% 78.6% 18.2% 81.8%
82 18.6% 81.4% 13.4% 86.6% 7.9% 92.1% 7.8% 92.2%
83 36.0% 64.0% 15.3% 84.7% 12.0% 88.0% 11.6% 88.4%
84 46.6% 53.4% 25.3% 74.7% 12.7% 87.3% 13.1% 86.9%
85 54.8% 45.2% 29.4% 70.6% 16.2% 83.8% 17.9% 82.1%
86 46.6% 53.4% 25.3% 74.7% 12.7% 87.3% 13.1% 86.9%
87 36.0% 64.0% 15.3% 84.7% 12.0% 88.0% 11.6% 88.4%
88 18.6% 81.4% 13.4% 86.6% 7.9% 92.1% 7.8% 92.2%
89 22.9% 77.1% 23.3% 76.7% 21.4% 78.6% 18.2% 81.8%
90 - - - - - - - -
91 - - 12.9% 87.1% 7.2% 92.8% 8.9% 91.1%
92 37.2% 62.8% 20.3% 79.7% 9.5% 90.5% 14.7% 85.3%
93 49.8% 50.2% 28.7% 71.3% 12.1% 87.9% 16.1% 83.9%
94 55.6% 44.4% 36.9% 63.1% 16.4% 83.6% 21.3% 78.7%
95 49.8% 50.2% 28.7% 71.3% 12.1% 87.9% 16.1% 83.9%
96 37.2% 62.8% 20.3% 79.7% 9.5% 90.5% 14.7% 85.3%
97 - ' - 12.9% 87.1% 7.2% 92.8% 8.9% 91.1%
98 - - - - - - - -
99 - - - - - - - -
100 - - - - - - . - -
101 - - - - , - - - -
102 - - 31.2% 68.8% - - 10.2% 89.8%
103 61.3% 38.7% 41.7% 58.3% 15.5% 84.5% 14.5% 85.5%
104 - - 31.2% 68.8% - - 10.2% 89.8%
105 - - - - - - - -
106 - - - - - - - -
107 - - - - - - - -
Table 10.2 (cont.): Averaged Results from Segregation Tests
CHAPTER 11 - MIXING INDICES 131
CHAPTER 11 
MIXING 
INDICES
CHAPTER 11 - MIXING INDICES 132
11.1 Difficulties with Mixing Indices
Referring to the equations in Section 1.4, difficulty arose when attempting to 
calculate the random standard deviations and random variances. There was 
a range of formulae available from various sources to calculate these 
random values.
Carley-Macauly and Donald[6] used Equation 11.1 to determine the random 
variance, however the testing involved particles only distinguishable by 
colour, which is not the case in this research.
2
O r  ~ E l
n
11.1
Lacey[20] used Equation 11.2 to determine the random variance of multi­
sized particles, however when this formula was used and the calculated
o
value of sr was incorporated into the equations of Section 1.4, the value of 
the denominator in the mixing index formulae was always less than the value 
for the numerator, thus producing a value outside the given range of 
between 0 and 1. There were no worked examples supplied to verify the 
method being used was correct.
2 P ( l - P)û)g + P2{cO-COc) 11.2
W
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Schofield[29] uses two formulae, given by Equation 11.3 and Equation 11.4. 
The calculated values for ar2 in both cases when used in the mixing indices 
in Section 1.4, resulted in the values of the mixing indices falling outside the 
given range of between 0 and 1.
2 _  <JR-
P ( l- P ) u
Vp
11.3
2 _  CTr - xycoe
w
where
coe 4 4 (Û  y  y  C 0 }\ >
PxPy
P =
P x P y
y p x+ x Py
11.4
Poole et al.[23] simplified an existing formula and is given by Equation 11.5. 
To obtain a result using this formula, the actual weight of each component of 
the mixture must be known to calculate Xfw  for each component. This was 
not possible using the computer sampling technique employed in this 
research.
<JR  =  i
________M _______
y{Y,fiv)x+ x {i:jw )y
2
r 11.5
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Hogg et al.[18] found a problem in using the mixing index defined by Lacey 
shown in Equation 11.6. The reason was that it was possible to obtain 
values for the mixing index, M, greater than unity, and by getting such a 
number would indicate that the mixture can be more than perfectly mixed 
which obviously is not possible.
M  = <j 2 (0 ) ~  cr2 (N )  
cr2 (0) -  o>
11.6
One point which should be noted about the above sources is that no worked 
examples were supplied with the formulae, thus there was no way in which to 
check that a given formula was being used in the correct way.
As a result of these problems, none of the formulae set out in Section 1.4 
which contained a random variable could be used, leaving only 6 formulae 
with which to work, Equation 1.2 through Equation 1.7. On further inspection, 
it was found that Equation 1.2, Equation 1.3 and Equation 1.4 were just 
rearranged forms of the same equation, likewise with Equation 1.5, Equation
1.6 and Equation 1.7. This left two formulae to work with and even these 
were in essence the same, one being the square of the other.
It was decided to use Equation 1.4 and Equation 1.6 in the analysis of the
✓
results of the segregation tests as they both ranged from 0 for a completely 
segregated mix, to 1 for a fully mixed mixture.
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11.2 Distribution of Percentages Across Hopper and Bin
Once the tests had been analysed using Optimas, the distribution of the 
percentages of rape seed and white plastic pellets were plotted on graphs of 
horizontal rows across the hopper and bin. Figure 11.1 and Figure 11.2 
represent the raw results of test 970123, rape seed 75 % / white plastic 
pellets 25 % by volume. These graphs clearly show the non-symmetry as 
explained previously.
Each figure contains 12 separate graphs, A through to L, representing the 
varying horizontal layers upward through the hopper and bin as shown in 
Figure 6.3. The horizontal axis shows the sample square numbers. Sample 
square 1 in not shown as no curve can be produced from a single point.
The dashed line running horizontally on each graph indicates the actual 
percentage by volume of each component used in the tests.
To better understand the graphs in Figure 11.1 (J) and Figure 11.2(J), actual 
sample squares for sample points 63, 67 and 71 are displayed in Figure 
11.3, Figure 11.4 and Figure 11.5. Slight percentage differences can be 
seen between sample point 63 and 71, this being the reason for producing 
the averaged results for each test performed.
Figure 11.6 and Figure 11.7 represent the averaged results of the same test 
to observe the comparison between the raw results and the averaged
results.
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Figure 1 1 .1 (A ): % Rape Seed vs Sample Figure 11.1(B) : % Rape Seed vs Sample 
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970123 - Raw Results 970123 - Raw Results
100% 100%
95% 95%
90% 90%
85% 85%
80% 80%
w 75% (0 75%
t—
LU 70% hLU 70%
_ j 65% _i_i 65%UJ
CL 60% UJCL 60% ■
o
h 55%
o 55% -I-w
5
50% ■ w 50% -
45% - 5 45%a. CL
LU 40% - UJ 40% -
35% - H 35% -
30% - | 30% -
S* 25% - * 25% -
20% - 20%
15% - 15%
10% ■ 10% -
5% - ---- - ► 5% -
0% 0% 1
2 3 4 5 6 7
SAMPLE NUMBERS SAMPLE NUMBERS
F ig u re  11 .2 (A ) : %  W h ite  P lastic  P elle ts
vs S a m p le  N u m b e r A cro ss  H o p p er
970 1 23  - R a w  R esu lts
F igure  1 1 .2 (B ) : %  W h ite  P lastic  Pellets
vs S am p le  N u m b e r A cro ss  H o p p er
970123  - R a w  R esu lts
CHAPTER 11 - MIXING INDICES 137
100%
95% -
90% -­
85%
80%
75%
70% -­
65% - -
g  60% -
S  55% - 
IU 50% - ■
|  45% -
vç 40% -­
35% -­
30% -­
25% -- 
. 20%  - - 
15% -­
10%  - ­
5% -­
0% -l------------------------------t-----------------------------
8 9 10 11 12
SAMPLE NUMBERS
Figure 11.1(C) : % Rape Seed vs Sample 
Number Across Hopper 
970123 - Raw Results
Figure 11.1(D) : % Rape Seed vs Sample 
Number Across Hopper 
970123 - Raw Results
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Figure 11.2(C) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Raw  Results
Figure 11.2(D) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Raw Results
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Figure 11.1(E) : % Rape Seed vs Sample 
Number Across Hopper 
970123 - Raw Results
Figure 11.1(F) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
SAMPLE NUMBERS SAMPLE NUMBERS
Figure 11.2(E) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Raw  Results
Figure 11.2(F) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Raw  Results
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Figure 11.1(G) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
Figure 11.1(H) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
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Figure 11.2(G ) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
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Figure 1 1 .2 (H ): % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
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Figure 11.1(1) : % Rape Seed vs Sample 
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Figure 11.1(J) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
Figure 11.2(1) : % W hite  Plastic Pellets
vs Sam ple Num ber Across Bin
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Figure 11.2(J) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Raw  Results
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Figure 11.1(K) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
Figure 11.1 ( L ) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Raw Results
Figure 11.2(K) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Raw  Results
Figure 11.2(L) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Raw  Results
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Figure 11.3 : Sample Square 63 fo r Test 970123
Figure 11.4 : Sample Square 67 fo r Test 970123
Figure 11.5 : Sample Square 71 fo r Test 970123
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Figure 11.6(A) : % Rape Seed vs Sample Figure 11.6(B) : % Rape Seed vs Sample 
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Figure 11.7(A) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Averaged Results
Figure 11.7(B) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Averaged Results
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Figure 11.6(C) : % Rape Seed vs Sample 
Number Across Hopper 
970123 - Averaged Results
Figure 11.6(D) : % Rape Seed vs Sample 
Number Across Hopper 
970123 - Averaged Results
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Figure 11.7(C) : % W hite Plastic Pellets
vs Sam ple N um ber Across Hopper
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Figure 11.7(D) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Averaged Results
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Figure 11.6(E) : % Rape Seed vs Sample 
Number Across Hopper 
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Figure 1 1 .6 (F ): % Rape Seed vs Sample 
Number Across Bin 
970123 - Averaged Results
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Figure 11.7(E) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970123 - Averaged Results
Figure 11.7(F) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
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Figure 11.6(G) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Averaged Results
Figure 11.6(H) : % Rape Seed vs Sample 
Number Across Bin 
970123 - Averaged Results
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Figure 11.7(G ) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
Figure 1 1 .7 (H ): % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
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Figure 11.6(1) : % Rape Seed vs Sample 
Number Across Bin 
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Figure 11.6(J) : % Rape Seed vs Sample 
Number Across Bin 
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Figure 11.7(1) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
Figure 1 1 .7 (J ): % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
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Figure 11.6(K) : % Rape Seed vs Sample 
Number Across Bin 
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Figure 11.7(K) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
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Figure 11.6(L) : % Rape Seed vs Sample 
Number Across Bin 
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Figure 11.7(L) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970123 - Averaged Results
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The previous graphs show the way in which the percentages of the products 
vary over the width of the bin, the dashed line on the graphs indicates the 
percentage which the product would occupy if it were perfectly mixed.
As each set of graphs takes up so much room, it is not feasible to display 
them all, but Figure 11.8 and Figure 11.9 shows the averaged results of test 
970409, rape seed 10 % / white plastic pellets 90 % by volume. It can be 
seen from these graphs that the mixture is very well mixed, the plotted lines 
very close to the dashed lines in most cases.
Further graphs for some of the test results can be found in Appendix E, 
Figure E-1 and Figure E-2 the averaged results of test 970411, rape seed 25 
% / white plastic pellets 75 % by volume, Figure E-3 and Figure E-4 the 
averaged results of test 970226, rape seed 45 % / white plastic pellets 55 % 
by volume, Figure E-5 and Figure E-6 the averaged results of test 970324, 
rape seed 55 % / white plastic pellets 45 % by volume.
CHAPTER 11 - MIXING INDICES 150
100%
95% 95%
90% - 90%
85% - 85%
80% 80%
75% - 75%
70% - 70%
65% 65%
g  60% g  60%
w  55% - S 55%
LU 50% - IU 50%
g 45%- 1  45%
40% -0s sp 40%
35% 35% -
30% - 30%
25% - 25% -
20% < 20% -
15% - 15% -
10% - ■—  —  ——  <—y r  ----- 10% < —  ------  ------  ------  ------^
5% - 5% - ♦ -----------------
0% -
3 4 £
' ..... I -------
6 7
SAMPLE NUMBERS SAMPLE NUMBERS
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Figure 1 1 .9 (A ): % W hite  Plastic Pellets
vs Sam ple Num ber Across Hopper
970409 - Averaged Results
Figure 1 1 .9 (B ): % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970409 - Averaged Results
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Figure 11.8(C) : % Rape Seed vs Sample 
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Figure 11.9(C) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970409 - Averaged Results
Figure 11.9(D) : % W hite Plastic Pellets
vs Sam ple Num ber Across Hopper
970409 - Averaged Results
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Figure 11.8(E) : % Rape Seed vs Sample Figure 1 1 .8 (F ): % Rape Seed vs Sample 
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Figure 11.9(G ) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970409 - Averaged Results
Figure 11.9(H) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970409 - Averaged Results
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Figure 11.9(1) : % W hite  Plastic Pellets
vs Sam ple N um ber Across Bin
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Figure 11.9(J) : % W hite Plastic Pellets
vs Sam ple Num ber Across Bin
970409 - Averaged Results
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11.3 Producing Mixing Indice Graphs
11.3.1 Mixing Indice Calculations
The head of the heaps in the various tests were not always exactly the 
same, this meant that in some tests there were more sample squares than in 
others. It was thought that this would give an inaccurate indication of the 
degree of mixedness in the individual tests and so the top two rows of each 
test were discarded from an analysis point of view, leaving nine complete 
rows in the bin for all tests.
There are four ways in which the mixing indices were calculated.
1. The mixing indice value for the hopper’s 26 sample squares.
2. The mixing indice value for the bin’s 63 sample squares.
3. The mixing indice value for the entire hopper and bin’s 89 sample 
squares.
4. The mixing indice value for each horizontal row of the bin and hopper for 
each test.
In all four above cases, the mixing indices were calculated using the same 
method, just different ranges of sample squares, the method being as
follows.
CHAPTER 11 - MIXING INDICES 157
1. Calculate the value of (pj - p)2 for all 89 sample points. Referring to Table 
11.1, the calculation of this value for sample point 1 is
(0.976 - 0.75)2 =0.0511
2. Calculate E(pj - p)2 for the four different cases, as seen in Table 11.2.
3. Calculate cr0 , a02 , a and a2 using the formulae below.
0-0 = 4p { l ~ p ) 11.7
a l  = p ( l - p ) 11.8
*-J z(prf 11.9V n -1
* _ ^ { P r p f
< J —
n -  1
11.10
4. Using Equation 1.4 and Equation 1.6, calculate the mixing indice values 
for the four different cases.
Table 11.1 and Table 11.2 show the calculations needed to produce the 
mixing indices for the averaged results of test 970123 for rape seed 75 % / 
white plastic pellets 25 % by volume. Table 11.3 and Table 11.4 display the 
mixing indices for the averaged results of test 970409 for rape seed 10 % / 
white plastic pellets 90 % by volume. Further results can be found in
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Appendix E Table E-1 and Table E-2 for averaged results of test 970411, 
rape seed 25 % / white plastic pellets 75 % by volume, Table E-3 and Table 
E-4 for average results of test 970226, rape seed 45 % / white plastic pellets 
55 % by volume and Table E-5 and Table E-6 for averaged results of test 
970324, rape seed 55 % / white plastic pellets 45 % by volume.
11.3.2 Mixing Indice Graphs
After the mixing indice values had been calculated, a graph of each of the 
four cases was produced. Figure 11.10, Figure 11.11 and Figure 11.12 show 
the mixing indice graphs for the hopper, bin and bin and hopper respectively 
for the averaged results. As mentioned in Section 10.4, a complication arose 
during the testing program. Initially the testing program was only to be 
performed between the range of rape seed 25 % and rape seed 75 % by 
volume and the graph shown in Figure 11.12 produced.
The first six tests to be performed were;
• 970123, rape seed 75 % / white plastic pellets 25 % by volume
• 970206, rape seed 65 % / white plastic pellets 35 % by volume
• 970221, rape seed 55 % / white plastic pellets 45 % by volume
• 970226, rape seed 45 % / white plastic pellets 55 % by volume
• 970228, rape seed 35 % / white plastic pellets 65 % by volume
• 970318, rape seed 25 % / white plastic pellets 75 % by volume
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Up until the fifth test, the curve was nearly linear but after completing the 
sixth test, the curve dipped dramatically downward. At this stage, three 
further tests were performed;
• 970324, rape seed 55 % / white plastic pellets 45 % by volume
• 970326, rape seed 10 % / white plastic pellets 90 % by volume
• 970402, rape seed 50 % / white plastic pellets 50 % by volume
Test 970324 was performed to double check an existing point which was 
slightly lower than a line of best fit, the new point being slightly higher than 
the existing one. Test 970326 was performed to observe whether the dip that 
occurred for test 970318 would continue downward, this was not the case. 
The point produced, would correlate with a continuing of the initial linear 
curve of the first five tests. Test 970402 was performed out of sequence due 
to the test rig needing to be moved to a position which would allow access to 
the back of the perspex observation bin for the analysis of both the front and 
back. The two results for this test fitted onto the linear curve of the first five 
tests also.
There was still confusion over the dip for test 970318, so three further tests 
were performed to verify the results of the two extreme cases, 10 % rape 
seed and 75 % rape seed by volume and the dipped point of 25 % rape 
seed, the tests being;
• 970407, rape seed 75 % / white plastic pellets 25 % by volume
• 970409, rape seed 10 % / white plastic pellets 90 % by volume
• 970411, rape seed 25 % / white plastic pellets 75 % by volume
CHAPTER 11 - MIXING INDICES 160
The results of these three tests corresponded with the results of the original 
results for these percentage mixtures.
There were three remaining tests to perform;
• 970415, rape seed 30 % / white plastic pellets 70 % by volume
• 970417, rape seed 20 % / white plastic pellets 80 % by volume
• 970418, rape seed 15 % / white plastic pellets 85 % by volume
There could be two possible outcomes of these tests. Either the results
would fit to the original linear curve, indicating some unusual trend in the 
product combination or the results would produce a gradual curve 
incorporating that of test 970318. The latter was the result and is clearly 
shown in Figure 11.12.
As well as producing the graph shown in Figure 11.12 for the whole test, two 
other graphs were produced, one for the hopper and one for the bin, these 
are shown in Figure 11.10 and Figure 11.11.
Figure 11.10 displays a very unstable curve which could be a result of the 
continuously increasing width of the hopper due to the slope of the walls. 
Figure 11.11 displays the curve for the bin portion of the test and is very 
similar to that of Figure 11.12 which represents the results for the entire test. 
A reason for the more stable curve of Figure 11.11 and Figure 11.12 could
be the constant width of the bin.
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75% 25% 970123 75% 25% 970123
Sample
Number
Rape
Seed
WPP
601 (PrP)2
Sample
Number
Rape
Seed
WPP
601 (PrP)2
1 97.6% 2.4% 0.0511 45 29.6% 70.4% 0.2061
2 94.9% 5.1% 0.0396 46 79.1% 20.9% 0.0017
3 98.6% 1.4% 0.0557 47 99.6% 0.4% 0.0605
4 94.9% 5.1% 0.0396 48 99.3% 0.7% 0.0590
5 98.3% 1.7% 0.0543 49 99.2% 0.8% 0.0586
6 99.9% 0.1% 0.0620 50 99.3% 0.7% 0.0590
7 98.3% 1.7% 0.0543 51 99.6% 0.4% 0.0605
8 84.6% 15.4% 0.0092 52 79.1% 20.9% 0.0017
9 99.2% 0.8% 0.0586 53 29.6% 70.4% 0.2061
10 99.8% 0.2% 0.0615 54 28.5% 71.5% 0.2162
11 99.2% 0.8% 0.0586 55 65.5% 34.5% 0.0090
12 84.6% 15.4% 0.0092 56 99.3% 0.7% 0.0590
13 61.9% 38.1% 0.0172 57 99.2% 0.8% 0.0586
14 94.9% 5.1% 0.0396 58 99.3% 0.7% 0.0590
15 99.4% 0.6% 0.0595 59 99.2% 0.8% 0.0586
16 99.5% 0.5% 0.0600 60 99.3% 0.7% 0.0590
17 99.4% 0.6% 0.0595 61 65.5% 34.5% 0.0090
18 94.9% 5.1% 0.0396 62 28.5% 71.5% 0.2162
19 61.9% 38.1% 0.0172 63 24.8% 75.2% 0.2520
20 67.2% 32.8% 0.0061 64 61.1% 38.9% 0.0193
21 98.9% 1.1% 0.0571 65 98.6% 1.4% 0.0557
22 99.4% 0.6% 0.0595 66 98.4% 1.6% 0.0548
23 99.5% 0.5% 0.0600 67 99.3% 0.7% 0.0590
24 99.4% 0.6% 0.0595 68 98.4% 1.6% 0.0548
25 98.9% 1.1% 0.0571 69 98.6% 1.4% 0.0557
26 67.2% 32.8% 0.0061 70 61.1% 38.9% 0.0193
27 43.4% 56.6% 0.0999 71 24.8% 75.2% 0.2520
28 86.6% 13.4% 0.0135 72 24.5% 75.5% 0.2550
29 99.5% 0.5% 0.0600 73 53.3% 46.7% 0.0471
30 98.0% 2.0% 0.0529 74 96.6% 3.4% 0.0467
31 97.7% 2.3% 0.0515 75 97.8% 2.2% 0.0520
32 98.0% 2.0% 0.0529 76 97.8% 2,2% 0.0520
33 99.5% 0.5% 0.0600 77 97.8% 2.2% 0.0520
34 86.6% 13.4% 0.0135 78 96.6% 3.4% 0.0467
35 43.4% 56.6% 0.0999 79 53.3% 46.7% 0.0471
36 29.6% 70.4% 0.2061 80 24.5% 75.5% 0.2550
37 80.1% 19.9% 0.0026 81 18.6% 81.4% 0.3181
38 99.5% 0.5% 0.0600 82 44.1% 55.9% 0.0955
39 98.3% 1.7% 0.0543 83 93.3% 6.7% 0.0335
40 98.7% 1.3% 0.0562 84 95.2% 4.8% 0.0408
41 98.3% 1.7% 0.0543 85 95.8% 4.2% 0.0433
42 99.5% 0.5% 0.0600 86 95.2% 4.8% 0.0408
43 80.1% 19.9% 0.0026 87 93.3% 6.7% 0.0335
44 29.6% 70.4% 0.2061 88 44.1% 55.9% 0.0955
89 18.6% 81.4% 0.3181
Table 11.1 : Calculating the M ixing Indices fo r Rape Seed 75 % / 
White Plastic Pellets 25 % by Volume Averaged Results
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75% 25% 970123 |
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample 1-26 27-89 1-89
Numbers
n 26 63 89
£(PrPf 1.1517 5.3594 6.5111
o0 0.433 0.433 0.433
o 0.215 0.294 0.272
a02 0.188 0.188 0.188
a2 0.046 0.086 0.074 SEG MIX
Eq. 1.4 0.504 0.321 0.372 0 1
Eq. 1.6 0.754 0.539 0.605 0 1
Sample
Numbers n E(PrP)2 <*o a OO2 a 2 Eq. 1.4 Eq. 1.6
■CM 3 0.1349 0.433 0.260 0.188 0.067 0.400 0.640
5 -7 3 0.1706 0.433 0.292 0.188 0.085 0.326 0.545
8-12 5 0.1971 0.433 0.222 0.188 0.049 0.487 0.737
13-19 7 0.2926 0.433 0.221 0.188 0.049 0.490 0.740
20-26 7 0.3055 0.433 0.226 0.188 0.051 0.479 0.728
27-35 9 0.5040 0.433 0.251 0.188 0.063 0.420 0.664
36-44 9 0.7022 0.433 0.296 0.188 0.088 0.316 0.532
45-53 9 0.7133 0.433 0.299 0.188 0.089 0.310 0.524
54-62 9 0.7448 0.433 0.305 0.188 0.093 0.295 0.503
63-71 9 0.8226 0.433 0.321 0.188 0.103 0.259 0.452
72-80 9 0.8535 0.433 0.327 0.188 0.107 0.246 0.431
81 -89 9 1.0190 0.433 0.357 0.188 0.127 0.176 0.321
SEG 0 0
MIX I 1 1
Table 11.2 : Calculating the M ixing Indices fo r Rape Seed 75 % / 
White Plastic Pellets 25 % by Volume Averaged Results
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10% 90% 970409 10% 90% 970409
Sample
Number
Rape
Seed
WPP
601 (PrP)2
Sample
Number
Rape
Seed
WPP
601 (PrP)2
1 10.4% 89.6% 0.0000 45 13.9% 86.1% 0.0015
2 18.7% 81.3% 0.0075 46 5.6% 94.4% 0.0019
3 4.8% 95.2% 0.0028 47 10.4% 89.6% 0.0000
4 18.7% 81.3% 0.0075 48 10.2% 89.8% 0.0000
5 9.5% 90.5% 0.0000 49 12.8% 87.2% 0.0008
6 6.3% 93.7% 0.0013 50 10.2% 89.8% 0.0000
7 9.5% 90.5% 0.0000 51 10.4% 89.6% 0.0000
8 20.8% 79.2% 0.0116 52 5.6% 94.4% 0.0019
9 10.0% 90.0% 0.0000 53 13.9% 86.1% 0.0015
10 9.1% 90.9% 0.0001 54 11.2% 88.8% 0.0002
11 10.0% 90.0% 0.0000 55 6.3% 93.7% 0.0013
12 20.8% 79.2% 0.0116 56 8.9% 91.1% 0.0001
13 30.2% 69.8% 0.0409 57 9.2% 90.8% 0.0001
14 14.3% 85.7% 0.0018 58 13.0% 87.0% 0.0009
15 13.1% 86.9% 0.0009 59 9.2% 90.8% 0.0001
16 12.8% 87.2% 0.0008 60 8.9% 91.1% 0.0001
17 13.1% 86.9% 0.0009 61 6.3% 93.7% 0.0013
18 14.3% 85.7% 0.0018 62 11.2% 88.8% 0.0002
19 30.2% 69.8% 0.0409 63 15.1% 84.9% 0.0026
20 12.4% 87.6% 0.0006 64 7.1% 93.0% 0.0009
21 10.2% 89.8% 0.0000 65 10.3% 89.7% 0.0000
22 11.5% 88.5% 0.0002 66 10.4% 89.6% 0.0000
23 10.2% 89.8% 0.0000 67 16.4% 83.6% 0.0041
24 11.5% 88.5% 0.0002 68 10.4% 89.6% 0.0000
25 10.2% 89.8% 0.0000 69 10.3% 89.7% 0.0000
26 12.4% 87.6% 0.0006 70 7.1% 93.0% 0.0009
27 19.0% 81.0% 0.0080 71 15.1% 84.9% 0.0026
28 7.3% 92.7% 0.0007 72 18.0% 82.0% 0.0064
29 9.0% 91.0% 0.0001 73 8.8% 91.2% 0.0001
30 10.1% 89.9% 0.0000 74 12.9% 87.1% 0.0009
31 13.0% 87.0% 0.0009 75 13.5% 86.5% 0.0012
32 10.1% 89.9% 0.0000 76 19.1% 80.9% 0.0083
33 9.0% 91.0% 0.0001 77 13.5% 86.5% 0.0012
34 7.3% 92.7% 0.0007 78 12.9% 87.1% 0.0009
35 19.0% 81.0% 0.0080 79 8.8% 91.2% 0.0001
36 16.3% 83.7% 0.0040 80 18.0% 82.0% 0.0064
37 6.3% 93.7% 0.0013 81 18.2% 81.8% 0.0067
38 10.7% 89.3% 0.0001 82 7.8% 92.2% 0.0005
39 12.6% 87.4% 0.0007 83 11.6% 88.4% 0.0003
40 12.8% 87.2% 0.0008 84 13.1% 86.9% 0.0010
41 12.6% 87.4% 0.0007 85 17.9% 82.1% 0.0062
42 10.7% 89.3% 0.0001 86 13.1% 86.9% 0.0010
43 6.3% 93.7% 0.0013 87 11.6% 88.4% 0.0003
44 16.3% 83.7% 0.0040 88 7.8% 92.2% 0.0005
89 18.2% 81.8% 0.0067
Table 11.3 : Calculating the M ixing Indices fo r Rape Seed 10 % / 
White Plastic Pellets 90 % by Volume Averaged Results
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10% 90% 970409 I
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample 1-26 27-89 1-89
Numbers
n 26 63 89
£(PrP)2 0.1322 0.1028 0.2350
0.300 0.300 0.300
a 0.073 0.041 0.052
co2 0.090 0.090 0.090
a 2 0.005 0.002 0.003 SEG MIX
Eq. 1.4 0.758 0.864 0.828 0 1
Eq. 1.6 0.941 0.982 0.970 0 1
Sample
Numbers n £(PrP)2 oo a co2 2C Eq. 1.4 Eq. 1.6
2 -4 3 0.0178 0.300 0.094 0.090 0.009 0.686 0.901
5 -7 3 0.0014 0.300 0.026 0.090 0.001 0.912 0.992
8-12 5 0.0234 0.300 0.076 0.090 0.006 0.745 0.935
13-19 7 0.0880 0.300 0.121 0.090 0.015 0.596 0.837
20-26 7 0.0017 0.300 0.017 0.090 0.000 0.944 0.997
27-35 9 0.0186 0.300 0.048 0.090 0.002 0.839 0.974
36-44 9 0.0128 0.300 0.040 0.090 0.002 0.867 0.982
45-53 9 0.0077 0.300 0.031 0.090 0.001 0.897 0.989
54-62 9 0.0043 0.300 0.023 0.090 0.001 0.923 0.994
63-71 9 0.0110 0.300 0.037 0.090 0.001 0.876 0.985
72-80 9 0.0255 0.300 0.056 0.090 0.003 0.812 0.965
81 -89 9 0.0229 0.300 0.054 0.090 0.003 0.822 0.968
SEG 0 0
MIX 1 1
Table 11.4 : Calculating the M ixing Indices fo r Rape Seed 10 % / 
W hite Plastic Pellets 90 % by Volume Averaged Results
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Test
Number
Rape seed 
% Vol. Eq. 1.4 Eq. 1.6
970123 75 0.504 0.754
970407 75 0.710 0.916
970206 65 0.399 0.639
970221 55 0.416 0.659
970324 55 0.584 0.827
970402 50 0.480 0.730
970402 50 0.544 0.792
970226 45 0.515 0.765
970228 35 0.684 0.900
970415 30 0.611 0.849
970318 25 0.500 0.750
970411 25 0.524 0.773
970417 20 0.708 0.915
970418 15 0.746 0.936
970326 10 0.571 0.816
970409 10 0.758 0.941
Figure 11.10(A) : Mixing Indices vs % Rape Seed in Hopper 
Using Equation 1.4
Figure 1 1 .1 0 (B ): Mixing Indices vs % Rape Seed in Hopper
Using Equation 1.6
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Test
Number
Rape seed 
% Vol. Eq. 1.4 Eq. 1.6
970123 75 0.321 0.539
970407 75 0.364 0.596
970206 65 0.469 0.718
970221 55 0.470 0.719
970324 55 0.566 0.812
970402 50 0.472 0.721
970402 50 0.602 0.842
970226 45 0.529 0.779
970228 35 0.495 0.745
970415 30 0.465 0.714
970318 25 0.378 0.613
970411 25 0.447 0.694
970417 20 0.601 0.841
970418 15 0.737 0.931
970326 10 0.768 0.946
970409 10 0.864 0.982
Figure 11.11(A) : Mixing Indices vs % Rape Seed in Bin 
Using Equation 1.4
Figure 11.11(B) : M ixing Indices vs % Rape Seed in Bin
Using Equation 1.6
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Test
Number
Rape seed 
% Vol. Eq. 1.4 Eq. 1.6
970123 75 0.372 0.605
970407 75 0.444 0.691
970206 65 0.451 0.699
970221 55 0.457 0.705
970324 55 0.574 0.818
970402 50 0.477 0.727
970402 50 0.587 0.829
970226 45 0.528 0.777
970228 35 0.544 0.792
970415 30 0.506 0.756
970318 25 0.414 0.656
970411 25 0.471 0.720
970417 20 0.631 0.864
970418 15 0.741 0.933
970326 10 0.700 0.910
970409 10 0.828 0.970
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Figure 11.12(A) : Mixing Indices vs % Rape Seed in Hopper and Bin
Using Equation 1.4
Figure 11.12(B) : M ixing Indices vs % Rape Seed in Hopper and Bin
Using Equation 1.6
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The fourth representation of the mixing indices is that of the horizontal rows 
of the hopper and bin. After calculating the mixing indices for each horizontal 
row, graphs of hopper/bin height vs mixing index were produced. Figure 
11.13 shows the distribution of the mixing indices through the height of the 
hopper and bin for test 970123, rape seed 75 % / white plastic pellets 25 % 
by volume and Figure 11.14 the distribution for test 970409, rape seed 10 % 
/ white plastic pellets 90 % by volume.
There were no observable trends present when producing the mixing indice 
graphs for the varying heights in the hopper and bin for the tests performed. 
The graph shown in Figure 11.13 indicated that a better result occurred for 
test 970123 for a larger drop height and gradually the result worsened 
moving up the bin. Figure 11.14 represented the spread of mixing indice 
values through the hopper and bin for test 970409 and indicated that there 
was a region in the hopper where the result was quite low in comparison with 
the remaining points. Overall this test had extremely good results, ranging 
between 0.8 and 1 in the bin, this can be seen from Figure 10.12.
In Appendix F, Figure F-1 through to Figure F-9 are further graphs of the 
mixing indices for the varying bin heights from the entire test range.
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Figure 11.13 : Height of Bin vs Mixing Indice for Rape Seed 75 % / White 
Plastic Pellets 25 % by Volume, Test 970123 Averaged
Figure 11.14 : Height o f Bin vs Mixing Indice for Rape Seed 10 % / White
Plastic Pellets 90 % by Volum e, Test 970409 Averaged
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12.1 Orifice Plate
After viewing the results of Figure 11.12, the time taken to complete each 
test was looked into to see whether this had any effect on the results. The 
times taken for the tests were recorded and averaged where more than one 
test was performed for a given percentage mixture. The solids mass 
flowrates were also calculated for the tests, again averaged where more 
than one test was performed for a particular percentage mixture. The test 
times and solids mass flowrates for the tests are shown in Table 12.1.
% Rape Seed Test Time 
(sec)
Solids Mass Flowrate of 
Mixture (kg/s)
75 158.44 0.954
65 158.54 0.934
55 163.19 0.889
50 165.86 0.866
45 170.20 0.835
35 178.63 0.779
30 186.13 0.739
25 188.91 0.721
20 196.99 0.683
15 203.02 0.656
10 202.65 0.650
Table 12.1 : Test Times and Solids Mass Flowrates for Tests
From Table 12.1, two graphs were produced, Figure 12.1 is test time vs 
percentage rape seed and Figure 12.2 is solids mass flowrate vs percentage 
rape seed.
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Figure 12.1 : Test Time vs Percentage Rape Seed
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Figure 12.2 : Solids Mass Flowrate vs Percentage Rape Seed
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These graphs show that for lower percentages of rape seed, the tests took 
longer, thus a lower solids mass flowrate resulted. Also, referring to Figure 
11.12, tests which contained less rape seed were better mixed.
Taking account these two points, it was conceived that if the solids mass 
flowrate for a test with a high concentration of rape seed was to be reduced, 
this may enhance the quality of the mixture. By inserting an orifice plate 
directly below the outlet of the ball valve, the solids mass flowrate could be 
reduced.
The mixture of rape seed 75 % / white plastic pellets 25 % by volume was 
chosen to perform the test as this mix produced the most segregation. 
Calculations were carried out to find the orifice diameter needed to give this 
mixture the same solids flowrate as that of the rape seed 10 % / white plastic 
pellets 90 % by volume mixture as this percentage mixture showed the least 
segregation.
mi _  m2 
A l  Á 2
12.1
mi _  m2 12.2
n  i
4 D *
n  2 
~ 4 ° 2
m i _  
A 2 ~
m 2
D Ì
12.3
d 2 =
lm 2D Í  
V mi
12.4
D2 =  ■
10.650 x  532 = 4 3  7 5 m m  
V 0.954
Figure 12.3 : Orifice Plate
12.2 Orifice Test
The same procedure was used to perform this test as with the others and the
The orifice plate’s hole was found to be 43.75mm diameter and can be seen 
in Figure 12.3.
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results for the averaged results are displayed in Table 12.2.
■■
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970422 ORIFICE 970422 ORIFICE
75% 25% 75% 25%
Sample Rape WPP Sample Rape WPP
Number Seed 601 Number Seed 601
1 95.5% 4.5% 55 37.2% 62.8%
2 94.6% 5.4% 56 82.1% 17.9%
3 97.3% 2.7% 57 94.7% 5.3%
4 94.6% 5.4% 58 99.3% 0.7%
5 94.6% 5.4% 59 94.7% 5.3%
6 97.9% 2.1% 60 82.1% 17.9%
7 96.4% 3.6% 61 37.2% 62.8%
8 81.6% 18.4% 62 23.5% 76.5%
9 95.6% 4.4% 63 20.3% 79.7%
10 97.6% 2.4% 64 33.2% 66.8%
11 95.6% 4.4% 65 81.8% 18.2%
12 81.6% 18.4% 66 94.8% 5.2%
13 55.3% 44.7% 67 99.1% 0.9%
14 85.9% 14.1% 68 94.8% 5.2%
15 96.1% 3.9% 69 81.8% 18.2%
16 98.5% 1.5% 70 33.2% 66.8%
17 96.1% 3.9% 71 20.3% 79.7%
18 85.9% 14.1% 72 18.7% 81.3%
19 55.3% 44.7% 73 36.4% 63.6%
20 44.5% 55.5% 74 79.3% 20.7%
21 88.7% 11.3% 75 90.6% 9.4%
22 95.7% 4.3% 76 89.7% 10.3%
23 99.2% 0.8% 77 90.6% 9.4%
24 95.7% 4.3% 78 79.3% 20.7%
25 88.7% 11.3% 79 36.4% 63.6%
26 44.5% 55.5% 80 18.7% 81.3%
27 24.0% 76.0% 81 25.3% 74.7%
28 53.9% 46.1% 82 37.1% 62.9%
29 95.3% 4.7% 83 75.0% 25.0%
30 95.6% 4.4% 84 88.0% 12.0%
31 98.8% 1.2% 85 96.1% 3.9%
32 95.6% 4.4% 86 88.0% 12.0%
33 95.3% 4.7% 87 75.0% 25.0%
34 53.9% 46.1% 88 37.1% 62.9%
35 24.0% 76.0% 89 25.3% 74.7%
36 19.8% 80.2% 90 -  .
37 43.9% 56.1% 91 35.7% 64.3%
38 93.2% 6.8% 92 76.0% 24.0%
39 96.1% 3.9% 93 88.6% 11.4%
40 99.3% 0.7% 94 94.7% 5.3%
41 96.1% 3.9% 95 88.6% 11.4%
42 93.2% 6.8% 96 76.0% 24.0%
43 43.9% 56.1% 97 35.7% 64.3%
44 19.8% 80.2% 98 -  -
45 21.5% 78.5% 99 -  -
46 40.0% 60.0% 100 -  -
47 85.7% 14.3% 101 -  -
48 95.9% 4.1% 102 -  -
49 99.5% 0.5% 103 91.6% 8.4%
50 95.9% 4.1% 104 -  -
51 85.7% 14.3% 105 -  -
52 40.0% 60.0% 106 -  -
53 21.5% 78.5% 107 - -
54 23.5% 76.5%
Table 12.2 : Averaged Result for the Orifice Segregation Test
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Once the test was complete, it could be seen that there was little difference 
in the result for this test to the other tests performed with the same 
percentage mixture, Figure 12.4 shows the test.
Figure 12.4 : 970422 - Rape Seed 75 % / White Plastic 
Pellets 25 % by Volume
On analysis, the mixing indices for the hopper, bin and bin and hopper 
proved to be very similar to those of the previous tests, indicating that the 
solids mass flowrate has little inference on the degree of segregation that 
occurs. The mixing index calculations can be found in Table 12.3 and Table
12.4.
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75% 25% 970422
Sample Rape WPP
Number Seed 601 (PrP)2
1 95.5% 4.5% 0.0420
2 94.6% 5.4% 0.0383
3 97.3% 2.7% 0.0498
4 94.6% 5.4% 0.0383
5 94.6% 5.4% 0.0384
6 97.9% 2.1% 0.0523
7 96.4% 3.6% 0.0458
8 81.6% 18.4% 0.0044
9 95.6% 4.4% 0.0423
10 97.6% 2.4% 0.0513
11 95.6% 4.4% 0.0423
12 81.6% 18.4% 0.0044
13 55.3% 44.7% 0.0388
14 85.9% 14.1% 0.0120
15 96.1% 3.9% 0.0444
16 98.5% 1.5% 0.0550
17 96.1% 3.9% 0.0444
18 85.9% 14.1% 0.0120
19 55.3% 44.7% 0.0388
20 44.5% 55.5% 0.0928
21 88.7% 11.3% 0.0188
22 95.7% 4.3% 0.0429
23 99.2% 0.8% 0.0584
24 95.7% 4.3% 0.0429
25 88.7% 11.3% 0.0188
26 44.5% 55.5% 0.0928
27 24.0% 76.0% 0.2598
28 53.9% 46.1% 0.0444
29 95.3% 4.7% 0.0411
30 95.6% 4.4% 0.0425
31 98.8% 1.2% 0.0568
32 95.6% 4.4% 0.0425
33 95.3% 4.7% 0.0411
34 53.9% 46.1% 0.0444
35 24.0% 76.0% 0.2598
36 19.8% 80.2% 0.3044
37 43.9% 56.1% 0.0968
38 93.2% 6.8% 0.0330
39 96.1% 3.9% 0.0445
40 99.3% 0.7% 0.0593
41 96.1% 3.9% 0.0445
42 93.2% 6.8% 0.0330
43 43.9% 56.1% 0.0968
44 19.8% 80.2% 0.3044
75% 25% 970422
Sample Rape WPP
Number Seed 601 (P¡-P)2
45 21.5% 78.5% 0.2866
46 40.0% 60.0% 0.1226
47 85.7% 14.3% 0.0114
48 95.9% 4.1% 0.0437
49 99.5% 0.5% 0.0600
50 95.9% 4.1% 0.0437
51 85.7% 14.3% 0.0114
52 40.0% 60.0% 0.1226
53 21.5% 78.5% 0.2866
54 23.5% 76.5% 0.2655
55 37.2% 62.8% 0.1429
56 82.1% 17.9% 0.0050
57 94.7% 5.3% 0.0387
58 99.3% 0.7% 0.0589
59 94.7% 5.3% 0.0387
60 82.1% 17.9% 0.0050
61 37.2% 62.8% 0.1429
62 23.5% 76.5% 0.2655
63 20.3% 79.7% 0.2996
64 33.2% 66.8% 0.1750
65 81.8% 18.2% 0.0046
66 94.8% 5.2% 0.0393
67 99.1% 0.9% 0.0583
68 94.8% 5.2% 0.0393
69 81.8% 18.2% 0.0046
70 33.2% 66.8% 0.1750
71 20.3% 79.7% 0.2996
72 18.7% 81.3% 0.3165
73 36.4% 63.6% 0.1487
74 79.3% 20.7% 0.0018
75 90.6% 9.4% 0.0244
76 89.7% 10.3% 0.0217
77 90.6% 9.4% 0.0244
78 79.3% 20.7% 0.0018
79 36.4% 63.6% 0.1487
80 18.7% 81.3% 0.3165
81 25.3% 74.7% 0.2472
82 37.1% 62.9% 0.1440
83 75.0% 25.0% 0.0000
84 88.0% 12.0% 0.0169
85 96.1% 3.9% 0.0445
86 88.0% 12.0% 0.0169
87 75.0% 25.0% 0.0000
88 37.1% 62.9% 0.1440
89 25.3% 74.7% 0.2472
Table 12.3 : Calculating the Mixing Indices for Rape Seed 75 % /  
White Plastic Pellets 25 % by Volume Averaged Results
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75% 25% 970422 I
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample 1-26 27-89 1-89
Numbers
n 26 63 89
E(Prp)2 1.0622 6.7615 7.8238
<*o 0.433 0.433 0.433
a 0.206 0.330 0.298
ao2 0.188 0.188 0.188
a2 0.042 0.109 0.089 SEG MIX
Eq. 1.4 0.524 0.237 0.311 0 1
Eq. 1.6 0.773 0.418 0.526 0 1
Sample
Numbers n £(PrP)2 oo a cfo2 c2 Eq. 1.4 Eq. 1.6
2 -4 3 0.1264 0.433 0.251 0.188 0.063 0.419 0.663
5 -7 3 0.1365 0.433 0.261 0.188 0.068 0.397 0.636
8-12 5 0.1445 0.433 0.190 0.188 0.036 0.561 0.807
13-19 7 0.2454 0.433 0.202 0.188 0.041 0.533 0.782
20-26 7 0.3673 0.433 0.247 0.188 0.061 0.429 0.674
27-35 9 0.8323 0.433 0.323 0.188 0.104 0.255 0.445
36-44 9 1.0167 0.433 0.356 0.188 0.127 0.177 0.322
45-53 9 0.9885 0.433 0.352 0.188 0.124 0.188 0.341
54-62 9 0.9633 0.433 0.347 0.188 0.120 0.199 0.358
63-71 9 1.0953 0.433 0.370 0.188 0.137 0.145 0.270
72-80 9 1.0045 0.433 0.354 0.188 0.126 0.182 0.330
81 -89 9 0.8608 0.433 0.328 0.188 0.108 0.242 0.426
SEG 0 0
MIX I 1 1
Table 12.4 : Calculating the Mixing Indices for Rape Seed 75 % /  
White Plastic Pellets 25 % by Volume Averaged Results
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13.1 Product Selection
The selection of the two products for this research was found to be very 
difficult. After investigating a range of products, a number of factors needed 
to be taken into account when finding the right product combination, they 
being;
• comparable loose poured bulk densities
• approximately spherical particle shape
• two distinctly different coloured products (for visual observations)
• distinct size difference (ease of separation after a test)
• non-degradable products (did not want to have to keep replacing product)
• low static (using perspex for the bin could cause problems)
Tests were performed on PVC powder, sand, glass beads, grain dust, rape 
seed and white plastic pellets. Rape seed and white plastic pellets were 
chosen as the two products to be used in the testing program.
13.2 Mixer
A great deal of the previous work performed in the quantification of mixing 
and segregation dealt with the use of drum mixers 
[5,6,14,17,18,20,24,25,26,27,32], another form of mixing was sought and 
lead to a Forberg mixer being obtained. By creating a weightless zone 
between the paddles in the mixer, the product in the mixer could be mixed to
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a very high quality as shown in the results of Chapter 4. The Forberg mixer 
proved to work very well as part of the full scale test rig.
13.3 Sampling and Sampling Probes
This section proved to be a lot more involved than first thought. A number of 
sampling probe designs were found, see Section 1.3, but all were found to 
be unsuitable for the current research. This led to the design and testing of 
several new sampling probes, see Chapter 3 and Chapter 4. The results 
showed promise but there was still some reluctance to use them in the full 
scale testing as there was no adequate way to predict what effect the 
sampling probes would have on the remaining product in the bin while the 
probes were inserted and extracted. A final decision was made not to use 
the sampling probes and to find another method to take samples.
A non-intrusive method was devised using just the front surface of the 
perspex observation bin, where an image of a region was sent to a personal 
computer. Using Snappy in combination with a video camera, and using the 
Optimas software package, the image was analysed to calculate the 
percentage area of the two products. This method proved to be very 
successful and results were able to be obtained in a relatively short period of
time.
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13.4 Conveyor Belt and In-Line Stream Sampling
Tests involving the conveyor belt and in-line stream sampling proved that 
there was no segregation occurring in the mixture between leaving the 
Forberg mixer and entering the perspex observation bin, showing that the 
segregation that did occur was as a direct result of forming the product heap.
13.5 Segregation
There are a large number of segregation mechanisms which form under a 
variety of different conditions.
As the visual tests were being performed, it was extremely easy to see the 
segregation forming. White plastic pellets could be seen collecting at the 
outer extremes of the bin and hopper due to such segregation mechanisms 
as sifting, avalanching and dynamic effects.
As the quantity of white plastic pellets was increased progressively 
throughout the testing program, the bands of white plastic pellets on either 
side of the perspex observation bin could be seen to be widening until finally 
with the rape seed 10 % / white plastic pellets 90 % by volume mixture, it 
was nearly impossible to distinguish where these two bands stopped. This 
can be seen in Section 10.6 .
The dynamic effect would have had a varying effect on the heap as each test 
progressed, as the product mixture had less distance to fall before coming in 
contact with the forming heap.
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13.6 Mixing Indices and Graphs
The majority of the mixing indices listed in Table 1.1 were unable to be used 
due to there being inadequate explanation on how to calculate the random 
standard deviation and random variance needed in the equations. This left 
just six equations which could be used which were further narrowed down to 
just two. These formulae, Equation 1.4 and Equation 1.6 were used to 
analyse the results of the tests performed and graphs produced to represent 
the segregation of one test in comparison with another, these are shown in 
Figure 11.10, Figure 11.11 and Figure 11.12. These graphs quantify the 
amount of segregation present in the varying percentage mixtures.
13.7 Orifice Plate Test
Once the full scale tests were completed, it was observed from Figure 11.12 
that it might have been possible to promote better mixing in the perspex 
observation bin by reducing the flowrate of the mixture entering the bin. This 
was due to the fact that tests which were performed using mixtures with 
lower loose poured bulk densities had a longer test time and higher mixing 
indice values. An orifice plate was made and a test performed on a rape 
seed 75 % / white plastic pellets 25 % by volume as this mixture had the 
greatest amount of segregation. After analysing the results it was found that 
although the orifice plate did reduce the solids mass flowrate, there was no 
increase in the degree of mixedness.
CHAPTER 13 - CONCLUSIONS 184
On initial investigation the degree of mixedness appears to be independent 
of solids mass flowrate.
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14.1 Further Work
After completing this stage of research, there are still a number of other
issues that need to be addressed. These are listed below.
• Different products should be used for another binary mixture to investigate 
whether the dip which occurred in Figure 11.11 and Figure 11.12 is a 
characteristic of this particular combination of products or whether it 
occurs in all cases.
• A constant drop height from the top of the perspex observation bin to the 
peak of the heap should be investigated to see what effect this has on the 
improvement of the amount of segregation present in each test.
• A pneumatic conveying system should be built to transport the mixtures 
into the perspex observation bin to verify the inverse segregation 
mechanism described in Section 1.2.10. This will require the use of a 
granular and powder binary mixture to produce, as the powder will fluidise 
and move to the extremities of the bin. •
• Modify the geometry of the perspex observation bin by either reducing or 
increasing the width to observe the effect on segregation.
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• Use a different hopper orientation for the perspex observation bin to 
determine whether the hopper geometry has any effect on the degree of 
segregation. Also try removing the hopper completely and replace it with a 
flat plate across the bottom of the perspex bin to observe the resulting 
effect.
• Different methods of filling the perspex observation bin can also be looked 
into. As shown in Figure 14.1 there a number of orientations possible, 
including the use of spreader plates. From these, different segregation 
patterns will form and can be investigated.
Figure 14.1 : Various Filling Orientations
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• Further work is needed on the mixing indices to determine whether the 
random standard deviation and random variance can actually be used. As 
was explained in Section 11.1, results for mixing indices containing ar or 
or2 were unable to be obtained.
• Modelling of the segregation process will eventually be required once 
enough data has been collected on a range of different products. This 
modelling can be used in an attempt to explain trends such as those for 
different percentage mixes and for varying heights in the hopper and bin.
• When powders are used as a constituent of a mixture, the current 
sampling method may not be adequate to ensure accurate results due to 
the size of the particles. Such methods as MRI may need to be adopted 
for these cases.
• Difficulties arose with the lighting throughout the test program and the 
need for a lighting system similar to that of a professional photographer 
may be an option. •
• Tertiary mixtures should also be looked into at a later date to investigate 
the segregation patterns present and trends that form.
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• It is unclear whether the mixing indices which were used on binary 
mixtures will be satisfactory for tertiary mixtures, this is an issue that
needs to be addressed.
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ITEM DETAILS COST
Wire mesh, 1 sq.m. 1mm, 1 sq.m. 0.9mm  
3 x Perspex sheets, 8' x 4'
Shipping 60L mixer
2" Bali valve
9x 40kg Rape seed
Shipping 20L mixer
Wire mesh, 1 sq.m. 3.83mm
1m Perspex tube, 200 mm OD
Pentium 166, 32Mb ram
$84.00
$578.61
$832
$285.94
$300
$87.40
$75.00
$208.00
$2,745.00
Total $5,195.95
Table A-1 : Costs Involved in Thesis
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BIN AND HDPPER ARRANGEMENT
Figure B-1 : Bin and Hopper Arrangement - Front View
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BIN AND HOPPER ARRANGEMENT
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Figure B-2 : Bin and Hopper Arrangement - Side View
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Figure B-3 : Bin and Hopper Arrangement - Top View
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LOWER TEST RIG ARRANGEMENT
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Figure B-4 : Lower Test Rig Arrangement - Front View
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Figure B-5 : Lower Test Rig Arrangement - Side View
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Figure B-6 : Lower Test Rig Arrangement - Top View
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Figure B-7 : Perspex Bin Lid
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PNEUMATIC SLIDE VALVE ARRANGEMENT
Figure B-8 : Pneumatic Slide Valve Arrangement
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FRGNT VIEW ALL DIMENSIONS IN MILLIMETRES STORAGE BIN
Figure B-9 : Storage Bin - Front View
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SIDE VIEW ALL- DIMENSIONS IN MILLIMETRES STDRAGE BIN
Figure B-10 : Storage Bin - Side View
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TOP VIEW ALL DIMENSIONS IN MILLIMETRES STDRAGE BIN
Figure B-11 : Storage Bin - Top View
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Figure B-12 : Intermediate Frame - Front View
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Figure B-13 : Intermediate Frame - Side View
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Figure B-14 : Intermediate Frame - Top View
1500
1000 
I 
150
APPENDIX B - AUTOCAD DRAWINGS 220
FRONT VIEW
MIXER FRAME ALL DIMENSIONS IN MILLIMETRES
Figure B-15 : Mixer Frame - Front View
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Figure B-16 : Mixer Frame - Side View
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Figure B-17 : Mixer Frame - Top View
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Figure B-18 : Perspex Sampling Bin - Front View
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Pbi rape seed 
pbl PVC powder
661
265
kg/m3
kg/m3
1000pm min 
900pm max
Test Type Test Rape Seed Rape Seed Rape Seed PVC PVC PVC
Volume Volume Powder Powder Powder
Volume Volume
(g) (mm3) (%) (9) (mm3) (%)
Flat tip 1 13.85 20060.934 93.3% 0.40 1510.426 6.7%
Rape seed front half 2 1267 19175.093 93.0% . 0.38 1434.904 7.0%
PVC powder back half 3 1229 18599.991 94.1% 0.31 1170.580 5.9%
AVG 93.5% AVG 6.5%
Flat tip 1 8.65 13091.125 61.2% 220 8307.341 38.8%
PVC powder front half 2 9.66 14619.684 81.3% 0.89 3360.697 18.7%
Rape seed back half 3 9.26 14014.314 76.7% 1.13 4266.953 23.3%
AVG 73.0% AVG 27.0%
Flat tip 1 10.52 15921.229 49.6% 4.29 16199.316 50.4%
Equal mbdure by volume 2 9.7 14680.221 47.6% 4.28 16161.555 524%
3 10.83 16390.391 49.2% 4.49 16954.529 50.8%
AVG 48.8% AVG 51.2%
25mm conical tip 1 13.46 20370.698 89.4% 0.64 2416.681 10.6%
Rape seed front half 2 1290 19523.180 91.3% 0.49 1850.271 8.7%
PVC powder back half 3 1292 19553.449 88.7% 0.66 2492.202 11.3%
AVG 89.8% AVG 10.2%
25mm conical tip 1 9.43 14271.596 60.5% 2.47 9326.879 39.5%
PVC powder front half 2 9.8 14831.563 79.7% 1.00 3776.064 20.3%
Rape seed back half 3 10.35 15663.947 65.9% 215 8118.538 34.1%
AVG 68.7% AVG 31.3%
25mm conical tip 1 9.79 14816.429 48.7% 4.14 15632.906 51.3%
Equal mixture by volume 2 9.34 14135.388 48.7% 3.95 14915.454 51.3%
3 9.62 14559.147 51.9% 3.58 13518.310 48.1%
AVG 49.7% AN/G 50.3%
50mm conical tip 1 1287 19477.778 83.4% 1.03 3889.346 16.6%
Rape seed front half 2 1251 18932.945 75.4% 1.64 6192745 24.6%
PVC powder back half 3 1237 18721.065 75.7% 1.59 6003.942 24.3%
AVG 78.1% AVG 21.9%
50mm conical tip 1 10.29 15573.142 77.8% 1.18 4455.756 22.2%
PVC powder front half 2 10.41 15754.753 75.7% 1.34 5059.926 24.3%
Rape seed back half 3 10.31 15603.410 81.1% 0.96 3625.022 18.9%
AVG 78.2% AVG 21.8%
50mm conical tip 1 10.64 16102.840 52.4% 3.88 14651.129 47.6%
Equal mixture by volume 2 10.59 16027.169 50.9% 4.10 15481.864 49.1%
3 10.81 16360.122 53.3% 3.80 14349.044 46.7%
AVG 52.2% AVG 47.8%
25mm chisel tip 1 13.96 21127.411 81.6% 1.26 4757.841 18.4%
Rape seed front half 2 13.19 19962.074 84.5% 0.97 3662.782 15.5%
PVC powder back half 3 13.37 20234.490 89.2% 0.65 2454.442 10.8%
AVG 85.1% AVG 14.9%
25mm chisel tip 1 10.62 16072572 60.7% 2.76 10421.937 39.3%
PVC powder front half 2 11.08 16768.747 828% 0.92 3473.979 17.2%
Rape seed back half 3 11.43 17298.446 75.3% 1.50 5664.096 24.7%
AVG 729% AVG 27.1%
25mm chisel tip 1 10.02 15164.517 48.4% 4.29 16199.316 51.6%
Equal mixture by volume 2 9.93 15028.309 46.5% 4.58 17294.374 53.5%
3 11.26 17041.164 51.4% 4.27 16123.794 48.6%
AVG 48.7% AVG 51.3%
T a b le  C-1 : S a m p lin g  R esu lts  fo r  V a rio u s  S a m p lin g  P robe T ip s
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Pbi rape seed 
Pbi PVC powder
661
265 I
f W 
W 1000pm min 
900pm max
Test Type Test Rape Seed Rape Seed Rape Seed PVC PVC PVC
Volume Volume Powder Powder Powder
Volume Volume
(g) (mm3) (%) (9) (mm3) (%)
50mm chisel tip 1 13.49 20416.101 81.8% 1.20 4531.277 18.2%
Rape seed front half 2 13.51 20446.370 88.1% 0.73 2756.527 11.9%
PVC powder back half 3 13.02 19704.791 82.2% 1.13 4266.953 17.8%
AVG 84.1% AVG 15.9%
50mm chisel tip 1 9.95 15058.577 63.4% 2.30 8684.948 36.6%
PVC powder front half 2 11.10 16799.016 81.2% 1.03 3889.346 18.8%
Rape seed back half 3 11.33 17147.103 80.6% 1.09 4115.910 19.4%
AVG 75.1% AVG 24.9%
50mm chisel tip 1 10.57 15996.901 50.8% 4.11 15519.624 49.2%
Equal mixture by volume 2 10.43 15785.021 49.2% 4.31 16274.837 50.8%
3 10.06 15255.322 47.8% 4.41 16652.443 52.2%
AVG 49.3% AVG 50.7%
Table C-1 (cont.) : Sampling Results for Various Sampling Probe Tips
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Pbl rape seed 661 kg/m3 1000pm min
pbl PVC powder 265 kg/m3 900pm max
Test Type Test Rape Seed Rape Seed Rape Seed PVC PVC PVC
Volume Volume Powder Powder Powder
50mm Chisel Tip Volume Volume
Equal mixture by volume (9) (mm3) (%) (9) (mm3) (%)
Products initially separate 1 8.86 13408.94 49.9% 3.56 13442.79 50.1%
Mixing time 60 seconds 2 10.72 16223.91 51.0% 4.13 15595.15 49.0%
3 10.75 16269.32 50.7% 4.19 15821.71 49.3%
AVG 50.5% AVG 49.5%
Products mixed 4 11.23 16995.76 523% 4.11 15519.62 47.7%
Mixing time 60 seconds 5 10.39 15724.48 49.8% 4.20 15859.47 50.2%
6 11.82 17888.68 54.3% 3.98 15028.74 45.7%
AVG 52.1% AVG 47.9%
Products mixed 7 11.07 16753.61 53.0% 3.94 14877.69 47.0%
Mixing time 30 seconds 8 10.45 15815.29 49.2% 4.32 16312.60 50.8%
9 11.35 17177.37 53.8% 3.90 14726.65 46.2%
AVG 52.0% AVG 48.0%
Products mixed 10 11.53 17449.79 54.0% 3.94 14877.69 46.0%
Mixing time 20 seconds 11 10.90 16496.33 53.3% 3.83 14462.33 46.7%
12 10.38 15709.35 50.8% 4.03 15217.54 49.2%
AVG 52.7% AVG 47.3%
Table C-2 : Results fo r Various M ixing Times fo r Rape Seed and PVC Powder
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Pbl rape seed 661 kg/m3 1000pm min
Pbl Grain dust 206 kg/m3 900pm max
Test Type Test Rape Seed Rape Seed Rape Seed Grain Dust Grain Dust Grain Dust
Volume Volume Volume Volume
50mm Chisel Tip 
Equal mixture by volume (g) (mm3) (%) (g) (mm3) (%)
Products initially separate 1 11.27 17056.30 62.9% 2.07 10067.11 37.1%
Mixing time 30 seconds 2 11.06 16738.48 54.8% 2.84 13811.89 45.2%
3 11.64 17616.27 54.9% 2.98 14492.75 45.1%
AVG 57.5% AVG 42.5%
Products initially separate 4 11.97 18115.70 60.4% 2.44 11866.55 39.6%
Mixing time 30 seconds 5 11.01 16662.81 54.9% 2.81 13665.99 45.1%
6 12.14 18372.98 56.7% 2.88 14006.42 43.3%
AVG S?.4^ AVG 42.6%
Products initially separate 7 12.15 18388.11 59.0% 2.63 12790.58 41.0%
Mixing time 60 seconds 8 11.11 16814.15 55.0% 2.83 13763.25 45.0%
9 10.03 15179.65 55.7% 2.48 12061.08 44.3%
AVG 56.6% AVG 43.4%
Products initially separate 10 10.85 16420.66 57.7% 2.48 12061.08 42.3%
Mixing time 60 seconds 11 11.19 16935.22 55.0% 2.85 13860.52 45.0%
12 10.86 16435.79 57.5% 2.50 12158.35 42.5%
AVG 567% AVG 43.3%
Products initially separate 13 11.76 17797.88 57.3% 2.73 13276.92 42.7%
Mixing time 120 seconds 14 11.02 16677.94 54.3% 2.89 14055.05 45.7%
15 12.07 18267.04 58.6% 2.65 12887.85 41.4%
AVG 56.7% AVG 43.3%
Products initially separate 16 11.54 17464.92 60.0% 2.39 11623.38 40.0%
Mixing time 120 seconds 17 11.13 16844.42 53.9% 2.96 14395.49 46.1%
18 10.91 16511.46 54.1% 2.88 14006.42 45.9%
AVG 56.0% AVG 44.0%
Table C-3 : Results fo r Various Mixing Times fo r Rape Seed and Grain Dust
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970123 970407 970206 970221
75% 25% 75% 25% 65% 35% 55% 45%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 97.6% 24% 78.4% 21.6% 96.2% 3.8% 95.3% 4.7%
2 93.2% 6.8% 76.3% 23.7% 85.8% 14.2% 76.1% 23.9%
3 98.6% 1.4% 79.3% 20.7% 97.6% 24% 97.9% 2.1%
4 96.6% 3.4% 88.1% 11.9% 95.4% 4.6% 90.0% 10.0%
5 98.2% 1.8% 75.1% 24.9% 91.2% 8.8% 78.2% 21.8%
6 99.9% 0.1% 75.7% 24.3% 99.3% 0.7% 97.9% 2.1%
7 98.3% 1.7% 86.5% 13.5% 97.0% 3.0% 93.6% 6.4%
8 84.2% 15.8% 721% 27.9% 82.5% 17.6% 58.6% 41.4%
9 98.7% 1.3% 82.4% 17.6% 95.8% 4.2% 84.2% 15.8%
10 99.8% 0.2% 84.5% 15.5% 99.6% 0.4% 97.2% 28%
11 99.7% 0.3% 94.8% 5.2% 99.4% 0.6% 94.0% 6.0%
12 85.0% 15.0% 83.0% 17.0% 89.6% 10.4% 69.7% 30.3%
13 51.5% 48.5% 43.7% 56.3% 60.9% 39.1% 62.6% 37.4%
14 924% 7.6% 78.4% 21.6% 92.1% 7.9% 68.5% 31.5%
15 99.0% 1.0% 85.0% 15.0% 95.3% 4.7% 76.5% 23.5%
16 99.5% 0.5% 86.0% 14.0% 99.2% 0.8% 84.5% 15.5%
17 99.7% 0.3% 88.2% 11.8% 99.2% 0.8% 95.3% 4.7%
18 97.3% 2.7% 83.8% 16.2% 97.0% 3.0% 79.5% 20.5%
19 723% 27.7% 56.9% 43.1% 82.9% 17.1% 69.4% 30.6%
20 58.8% 41.2% 45.8% 54.2% 51.8% 48.2% 36.4% 63.6%
21 98.0% 20% 85.2% 14.8% 94.4% 5.6% 63.9% 36.1%
22 99.2% 0.8% 81.6% 18.4% 93.8% 6.2% 84.3% 15.7%
23 99.5% 0.5% 85.7% 14.3% 97.0% 3.0% 90.6% 9.4%
24 99.6% 0.4% 85,1% 14.9% 99.0% 1.0% 90.3% 9.7%
25 99.8% 0.2% 83.0% 17.0% 98.9% 1.1% 88.2% 11.8%
26 75.6% 24.4% 55.8% 44.2% 84.1% 15.9% 67.2% 32.8%
27 38.3% 61.7% 34.6% 65.4% 36.0% 64.0% 41.8% 58.2%
28 80.6% 19.4% 65.6% 34.4% 59.2% 40.8% 48.0% 52.0%
29 99.4% 0.6% 927% 7.3% 94.3% 5.7% 86.3% 13.7%
30 96.8% 3.2% 86.7% 13.3% 84.0% 16.0% 76.4% 23.6%
31 97.7% 23% 89.0% 11.0% 90.2% 9.8% 83.0% 17.0%
32 99.1% 0.9% 88.5% 11.6% 93.8% 6.2% 920% 8.0%
33 99.5% 0.5% 97.1% 2.9% 99.1% 0.9% 98.5% 1.5%
34 926% 7.4% 67.8% 32.2% 81.4% 18.6% 84.8% 15.2%
35 48.5% 51.5% 47.8% 52.2% 51.3% 48.7% 57.7% 42.3%
36 24.9% 75.1% 25.4% 74.6% 34.3% 65.7% 30.9% 69.1%
37 73.2% 26.8% 63.9% 36.1% 59.1% 40.9% 45.2% 54.8%
38 99.2% 0.8% 92.8% 7.2% 94.8% 5.2% 89.3% 10.7%
39 97.0% 3.0% 87.1% 129% 87.2% 12.8% 76.1% 23.9%
40 98.7% 1.3% 92.1% 7.9% 88.9% 11.1% 78.1% 21.9%
41 99.6% 0.4% 90.6% 9.4% 925% 7.5% 88.3% 11.7%
42 99.7% 0.3% 96.8% 3.2% 98.3% 1.7% 97.9% 2.1%
43 86.9% 13.1% 65.2% 34.8% 79.6% 20.4% 73.9% 26.1%
44 34.3% 65.7% 46.2% 53.8% 51.2% 48.8% 54.8% 45.2%
45 26.3% 73.7% 28.4% 71.6% 32.3% 67.7% 29.7% 70.3%
46 74.6% 25.4% 60.9% 39.1% 51.3% 48.7% 46.1% 53.9%
47 99.2% 0.8% 94.6% 5.4% 90.9% 9.1% 90.6% 9.4%
48 99.2% 0.8% 92.8% 7.2% 91.1% 8.9% 81.2% 18.8%
49 99.2% 0.8% 93.8% 6.2% 88.8% 11.2% 76.2% 23.8%
50 99.4% 0.6% 922% 7.8% 95.8% 4.2% 87.0% 13.0%
51 99.9% 0.1% 98.7% 1.3% 98.2% 1.8% 98.4% 1.6%
52 83:5% 16.5% 58.1% 41.9% 69.1% 30.9% 77.6% 22.4%
53 32.8% 67.2% 26.1% 73.9% 40.8% 59.2% 45.5% 54.5%
54 28.1% 71.9% 26.9% 73.1% 29.1% 70.9% 23.8% 76.2%
Table D-1 : Raw Results from Segregation Tests
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"^70123 " ^ 0 4 61 970206 970221
75% 25% 75% 25% 65% 35% 55% 45%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 60.7% 39.3% 59.1% 40.9% 49.1% 50.9% 33.3% 66.7%
56 98.6% 1.4% 90.2% 9.8% 922% 7.8% 83.8% 16.2%
57 98.5% 1.5% 921% 7.9% 920% 8.0% 88.4% 11.6%
58 99.3% 0.7% 95.6% 4.4% 925% 7.5% 79.9% 20.1%
59 •99.8% 0.2% 94.5% 5.5% 96.6% 3.4% 91.4% 8.6%
60 100.0% 0.0% 98.5% 1.5% 97.2% 28% 96.8% 1.2%
61 70.2% 29.8% 61.0% 39.0% 64.0% 36.0% 66.9% 33.1%
62 28.8% 71.2% 26.8% 73.2% 44.7% 55.3% 36.6% 63.4%
63 19.4% 80.6% 20.6% 79.4% 36.8% 63.2% 228% 77.2%
64 56.8% 43.2% 59.4% 40.6% 43.1% 56.9% 322% 67.8%
65 97.7% 2.3% 93.7% 6.3% 86.6% 13.4% 79.4% 20.6%
66 97.3% 2.7% 92.4% 7.6% 89.7% 10.3% 85.7% 14.3%
67 99.3% 0.7% 95.2% 4.8% 94.4% 5.6% 77.2% 22.8%
68 99.5% 0.5% 95.4% 4.6% 94.0% 6.0% 90.1% 9.9%
69 99.5% 0.5% 97.2% 28% 94.4% 5.6% 94.8% 5.2%
70 65.3% 34.7% 51.9% 48.1% 54.7% 45.3% 48.1% 51.9%
71 30.2% 69.8% 229% 77.1% 40.6% 59.4% 27.9% 721%
72 23.9% 76.1% 19.0% 81.0% 27.6% 724% 127% 87.3%
73 53.4% 46.6% 58.8% 41.2% 39.8% 60.2% 18.1% 81.9%
74 94.8% 5.2% 92.9% 7.1% 825% 17.5% 65.3% 34.7%
75 97.3% 2.7% 928% 7.2% 87.4% 12.6% 79.2% 20.8%
76 97.8% 2.2% 95.0% 5.0% 90.5% 9.5% 77.2% 22.8%
77 98.2% 1.8% 94.3% 5.7% 91.5% 8.5% 85.3% 14.7%
78 96.3% 1.7% 97.5% 25% 93.2% 6.8% 89.4% 10.6%
79 53.1% 46.9% 54.8% 45.2% 48.3% 51.7% 425% 57.5%
80 25.1% 74.9% 23.7% 76.3% 31.5% 68.5% 29.0% 71.0%
81 14.6% 85.4% 26.3% 73.7% 19.7% 80.3% 14.7% 85.3%
82 40.8% 59.2% 56.0% 44.0% 41.8% 58.2% 21.6% 78.4%
83 90.2% 9.8% 924% 7.6% 822% 17.8% 66.2% 33.8%
84 94.4% 5.6% 91.4% 8.6% 89.0% 11.0% 80.5% . 19.5%
85 95.8% 4.2% 94.7% 5.3% 929% 7.1% 75.6% 24.4%
86 95.9% 4.1% 93.0% 7.0% 91.6% 8.4% 81.5% 18.5%
87 96.3% 3.7% 95.0% 5.0% 89.5% 10.5% 85.3% 14.7%
88 47.8% 52.2% 54.0% 46.0% 42.3% 57.7% 45.3% 54.7%
89 22.5% 77.5% 19.4% 80.6% 34.4% 65.6% 27.5% 725%
90 21.4% 78.6% - - - - - -
91 42.7% 57.3% 53.0% 47.0% 30.8% 69.2% 16.9% 83.1%
92 91.2% 8.8% 90.1% 9.9% 71.7% 28.3% 60.3% 39.7%
93 91.5% 8.5% 925% 7.5% 829% 17.1% 78.1% 21.9%
94 95.6% 4.4% 93.8% 6.2% 91.2% 8.8% 77.6% 224%
95 95.2% 4.8% 925% 7.5% 89.2% 10.8% 82.6% 17.4%
96 90.1% 9.9% 92.6% 7.4% 821% 17.9% 73.6% 26.4%
97 37.2% 62.8% 48.8% 51.2% 44.1% 55.9% 30.4% 69.6%
98 24.1% 75.9% - - - - - -
99 - - - - - - - -
100 - - - - - - - -
101 ■ - - - - - - - -
102 87.7% 12.3% - - 75.9% 24.1% 69.9% 30.1%
103 89.0% 11.0% 91.3% 8.7% 87.6% 12.4% 79.7% 20.3%
104 88.9% 11.1% - - 84.0% 16.0% 76.4% 23.6%
105 - - - - - - - -
106 - - - - - - - -
107 - - - - “ “ “
Table D-1 (cont.): Raw Results from Segregation Tests
APPENDIX D - RAW  RESULTS OF SEGREGATION TESTS 234
970324 970402 FRONT 970402 BACK 970226
55% 45% 50% So^ 50% 50% 45% 55%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 76.4% 23.6% 78.5% 21.5% 85.0% 15.0% 69.0% 31.0%
2 64.2% 35.8% 73.1% 26.9% 65.7% 34.3% 75.5% 24.5%
3 82.3% 17.7% 74.9% 25.1% 73.2% 26.8% 82.7% 17.3%
4 85.4% 14.6% 69.3% 30.7% 74.4% 25.6% 71.8% 28.2%
5 72.0% 28.0% 78.0% 22.0% 60.6% 39.4% 67.1% 32.9%
6 89.0% 11.0% 76.3% 23.7% 81.7% 18.3% 823% 17.7%
7 97.0% 3.0% 79.8% 20.2% 66.4% 33.6% 77.0% 23.0%
8 58.8% 41.2% 67.9% 321% 60.6% 39.4% 52.6% 47.4%
9 75.2% 24.8% 76.5% 23.5% 58.4% 41.6% 72.8% 27.2%
10 76.2% 23.8% 76.2% 23.8% 81.6% 18.4% 73.9% 26.1%
11 90.9% 9.1% 80.9% 19.1% 724% 27.6% 77.8% 22.2%
12 68.0% 320% 69.1% 30.9% 65.0% 35.0% 529% 47.1%
13 49.6% 50.4% 723% 27.7% 68.1% 31.9% 60.7% 39.3%
14 59.6% 40.4% 79.3% 20.8% 57.8% 422% 59.1% 40.9%
15 70.1% 29.9% 79.3% 20.7% 77.4% 226% 60.2% 39.8%
16 74.2% 25.8% 79.9% 20.1% 91.5% 8.5% 62.5% 37.5%
17 83.8% 16.2% 78.7% 21.3% 82.1% 17.9% 76.3% 23.7%
18 71.8% 28.2% 79.1% 20.9% 69.3% 30.7% 62.2% 37.8%
19 627% 37.3% 65.3% 34.7% 77.7% 223% 60.5% 39.5%
20 44.6% 55.4% 47.4% 526% 50.9% 49.1% 49.8% 50.2%
21 70.3% 29.7% 76.9% 23.1% 55.7% 44.3% 61.7% 38.3%
22 69.0% 31.0% 76.3% 23.7% 71.5% 28.5% 66.6% 33.4%
23 74.8% 25.2% 79.3% 20.7% 80.4% 19.6% 71.5% 28.5%
24 80.5% 19.5% 75.9% 24.1% 77.5% 225% 68.6% 31.4%
25 82.6% 17.4% 85.8% 14.2% 64.8% 35.2% 75.0% 25.0%
26 58.8% 41.2% 54.8% 45.2% 58.1% 41.9% 51.2% 48.8%
27 38.5% 61.5% 41.4% 58.6% 47.5% 525% 36.4% 63.6%
28 41.5% 58.5% 63.5% 36.5% 45.5% 54.5% 41.5% 58.5%
29 77.1% 229% 89.7% 10.3% 70.7% 29.3% 78.7% 21.3%
30 729% 27.1% 75.6% 24.4% 70.6% 29.4% 57.4% 42.6%
31 79.4% 20.6% 80.6% 19.4% 721% 27.9% 68.8% 31.2%
32 77.5% 22.5% 77.4% 22.6% 71.1% 28.9% 69.8% 30.2%
33 85.0% 15.0% 91.6% 8.4% 73.4% 26.6% 82.3% 17.7%
34 58.9% 41.1% 63.8% 36.2% 621% 37.9% 56.7% 43.3%
35 51.5% 48.5% 49.6% 50.4% 68.4% 31.6% 52.1% 47.9%
36 30.1% 69.9% 42.6% 57.4% 40.6% 59.4% 35.7% 64.3%
37 49.2% 50.8% 62.8% 37.2% 43.3% 56.7% 38.8% 61.2%
38 81.7% 18.3% 90.8% 9.2% 74.8% 25.2% 78.6% 21.4%
39 76.7% 23.3% 79.7% 20.3% 73.0% 27.0% 67.0% 33.0%
40 76.1% 23.9% 81.8% 18.2% 81.6% 18.4% 65.0% 35.0%
41 78.5% 21.5% 77.5% 22.5% 74.6% 25.4% 67.7% 32.3%
42 86.4% 13.6% 90.7% 9.3% 78.3% 21.7% 84.2% 15.8%
43 60.1% 39.9% 60.2% 39.8% 54.7% 45.3% 54.7% 45.3%
44 50.5% 49.5% 47.8% 52.2% 58.9% 41.1% 47.7% 52.3%
45 35.3% 64.7% 37.9% 62.1% 40.5% 59.5% 31.5% 68.5%
46 41.0% 59.0% 57.8% 42.2% 41.1% 58.9% 36.0% 64.0%
47 79.8% 20.2% 89.4% 10.6% 61.9% 38.1% 80.4% 19.6%
48 78.1% 21.9% 80.8% 19.2% 74.1% 25.9% 62.5% 37.5%
49 79.3% 20.7% 825% 17.5% 79.5% 20.5% 70.8% 29.2%
50 83.0% 17.0% 75.6% 24.4% 75.7% 24.3% 74.9% 25.1%
51 90.6% 9.4% 91.3% 8.7% 78.9% 21.1% 85.0% 15.1%
52 57.6% 424% 56.2% 43.8% 47.7% 52.3% 53.3% 46.7%
53 48.2% 51.8% 41.3% 58.7% 39.1% 60.9% 48.4% 51.6%
54 29.0% 71.0% 31.2% 68.8% 34.5% 65.5% 28.7% 71.3%
Table D-1 (cont.): Raw Results from Segregation Tests
APPENDIX D - RAW  RESULTS OF SEGREGATION TESTS 235
970324 970402 FRONT 970402 BACK 970226
55% 45% 50% 5o°/4 50% 56^ 45% 55%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 40.5% 59.5% 47.7% 52.3% 34.3% 65.7% 32.0% 68.0%
56 78.9% 21.1% 86.6% 13.4% 63.6% 36.4% 74.3% 25.7%
57 81.7% 18.3% 81.4% 18.6% 72.8% 27.2% 62.2% 37.8%
58 79.7% 20.3% 81.1% 18.9% 79.3% 20.7% 72.3% 27.7%
59 83.4% 16.6% 81.2% 18.8% 76.5% 23.5% 77.7% 22.3%
60 88.6% 11.4% 92.1% • 7.9% 73.8% 26.2% 86.2% 13.8%
61 51.8% 48.2% 49.5% 50.5% 45.7% 54.3% 53.7% 46.3%
62 42.9% 57.1% 41.0% 59.0% 40.4% 59.7% 44.1% 55.9%
63 27.2% 72.8% 31.4% 68.6% 32.3% 67.7% 28.0% 72.0%
64 33.5% 66.5% 37.6% 62.5% 29.0% 71.0% 25.5% 74.5%
65 71.7% 28.3% 84.9% 15.1% 61.7% 38.3% 73.5% 26.5%
66 81.4% 18.6% 79.0% 21.0% 75.9% 24.1% 68.8% 31.2%
67 84.1% 15.9% 80.4% 19.6% 81.6% 18.4% 74.9% 25.1%
68 80.2% 19.8% 77.7% 22.3% 77.1% 22.9% 81.3% 18.7%
69 86.1% 13.9% 87.9% 12.1% 69.4% 30.6% 89.4% 10.6%
70 48.0% 52.0% 42.7% 57.3% 38.0% 62.0% 54.1% 45.9%
71 40.6% 59.4% 32.7% 67.3% 34.3% 65.7% 37.5% 62.5%
72 33.7% 66.3% 29.4% 70.6% 29.3% 70.7% 26.3% 73.7%
73 39.5% 60.5% 32.6% 67.4% 28.4% 71.6% 22.1% 77.9%
74 75.3% 24.7% 81.0% 19.0% 59.8% 40.2% 64.6% 35.4%
75 80.1% 19.9% 77.7% 22.3% 76.7% 23.3% 71.9% 28.1%
76 82.9% 17.1% 81.2% 18.8% 76.8% 23.2% 77.5% 22.5%
77 79.1% 20.9% 76.5% 23.5% 76.7% 23.3% 81.1% 18.9%
78 82.4% 17.6% 83.7% 16.3% 57.9% 42.1% 88.7% 11.3%
79 42.6% 57.4% 33.0% 67.0% 34.0% 66.0% 47.6% 52.4%
80 34.0% 66.0% 27.7% 72.3% 34.0% 66.0% 31.8% 68.2%
81 32.0% 68.0% 25.0% 75.0% 22.6% 77.4% 15.8% 84.2%
82 36.6% 63.4% 32.6% 67.4% 27.4% 72.6% 22.0% 78.0%
83 68.7% 31.3% 81.5% 18.5% 59.8% 40.2% 66.1% 33.9%
84 78.5% 21.5% 77.0% 23.0% 73.2% 26.8% 64.6% 35.4%
85 80.8% 19.2% 79.5% 20.6% 77.2% 22.9% 70.6% 29.4%
86 80.4% 19.6% 77.5% 22.5% 78.1% 21.9% 72.6% 27.4%
87 82.2% 17.8% 83.5% 16.5% 53.8% 46.2% 80.6% 19.4%
88 38.6% 61.4% 35.7% 64.3% 28.4% 71.6% 39.0% 61.0%
89 29.6% 70.4% 25.9% 74.1% 28.6% 71.4% 19.6% 80.4%
90 - - - - - - - -
91 - - - - - - - -
92 65.8% 34.2% 71.3% 28.7% 40.4% 59.6% 56.1% 43.9%
93 79.1% 20.9% 75.1% 24.9% 68.3% 31.7% 62.6% 37.4%
94 82.1% 17.9% 78.3% 21.7% 75.5% 24.5% 71.6% 28.4%
95 81.1% 18.9% 76.7% 23.3% 73.2% 26.8% 72.6% 27.4%
96 74.5% 25.5% 75.4% 24.6% 44.6% 55.4% 68.4% 31.6%
97 - - - - - - - - '
98 - - - - - - - -
99 - - - - - - ' - -
100 - - - - - - - -
101 - - - - - - - -
102 - - - - - - - -
103 - - - - - - - -
104 - - - - - - - -
105 - - - - - - - -
106 - - - - - - - -
107 - - - - - - - “
Table D-1 (cont.): Raw Results from Segregation Tests
APPENDIX D - RAW  RESULTS OF SEGREGATION TESTS 236
970228 970415 970318 970411
35% 65% 30% 70% 25% 75% 25% 75%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 50.9% 49.1% 43.4% 56.6% 38.2% 61.8% 35.1% 64.9%
2 50.3% 49.7% 57.9% 42.1% 48.6% 51.4% 43.8% 56.2%
3 29.3% 70.7% 42.9% 57.1% 29.8% 70.2% 24.8% 75.2%
4 50.0% 50.0% 48.8% 51.2% 43.1% 56.9% 40.0% 60.0%
5 43.8% 56.2% 52.7% 47.3% 44.9% 55.1% 43.1% 56.9%
6 36.9% 63.2% 40.7% 59.3% 34.8% 65.2% 34.5% 65.5%
7 45.8% 54.2% 49.6% 50.4% 36.3% 63.7% 32.1% 67.9%
8 43.9% 56.1% 51.4% 48.6% 50.9% 49.1% 52.2% 47.8%
9 47.4% 52.6% 46.3% 53.7% 45.2% 54.8% 36.3% 63.7%
10 51.7% 48.3% 44.5% 55.5% 41.1% 58.9% 31.9% 68.1%
11 41.9% 58.1% 41.9% 58.1% 42.2% 57.8% 34.0% 66.0%
12 44.7% 55.3% 48.7% 51.3% 52.4% 47.6% 50.8% 49.2%
13 59.1% 40.9% 59.2% 40.8% 67.4% 32.6% 67.1% 32.9%
14 53.3% 46.7% 46.6% 53.4% 44.2% 55.8% 48.7% 51.3%
15 48.3% 51.7% 47.3% 52.7% 48.2% 51.8% 42.5% 57.5%
16 49.5% 50.5% 43.0% 57.0% 41.6% 58.4% 41.6% 58.4%
17 52.6% 47.4% 46.0% 54.0% 44.9% 55.1% 38.8% 61.2%
18 50.6% 49.4% 39.9% 60.1% 47.0% 53.0% 40.3% 59.7%
19 56.6% 43.4% 59.9% 40.1% 60.4% 39.6% 65.8% 34.2%
20 43.6% 56.4% 45.0% 55.0% 48.1% 51.9% 49.8% 50.2%
21 50.4% 49.6% 40.1% 59.9% 42.8% 57.2% 46.7% 53.3%
22 48.2% 51.8% 45.8% 54.2% 43.5% 56.5% 44.3% 55.7%
23 50.8% 49.2% 43.2% 56.8% 39.5% 60.5% 47.1% 52.9%
24 55.2% 44.8% 47.5% 52.5% 39.2% 60.8% 39.0% 61.0%
25 58.7% 41.3% 39.9% 60.1% 47.8% 52.2% 44.5% 55.5%
26 46.8% 53.2% 40.8% 59.2% 48.0% 52.0% 45.8% 54.2%
27 40.8% 59.2% 41.0% 59.0% 51.3% 48.7% 42.7% 57.3%
28 46.3% 53.7% 45.5% 54.5% 56.4% 43.6% 35.8% 64.2%
29 66.0% 34.1% 57.3% 42.7% 56.9% 43.1% 48.9% 51.1%
30 57.7% 42.3% 49.4% 50.6% 45.2% 54.8% 45.5% 54.5%
31 65.2% 34.8% 45.3% 54.7% 41.6% . 58.4% 40.1% 59.9%
32 59.2% 40.8% 48.6% 51.4% 42.9% 57.1% 44.7% 55.3%
. 33 75.8% 24.2% 56.4% 43.6% 57.0% 43.0% 53.8% 46.2%
34 53.3% 46.7% 43.1% 56.9% 42.7% 57.3% 29.6% 70.4%
35 53.5% 46.5% 54.8% 45.2% 60.1% 39.9% 54.6% 45.4%
36 37.1% 62.9% 34.4% 65.6% 49.2% 50.8% 40.8% 59.2%
37 41.1% 58.9% 39.7% 60.3% 49.0% 51.0% 41.3% 58.7%
38 71.2% 28.8% 55.3% 44.7% 56.2% 43.8% 51.8% 48.2%
39 63.0% 37.0% 50.4% 49.6% 57.1% 42.9% 48.8% 51.2%
40 65.8% 34.2% 52.0% 48.0% 49.9% 50.1% 45.0% 55.0%
41 64.1% 35.9% 58.8% 41.2% 49.8% 50.2% 42.5% 57.5%
42 78.9% 21.1% 66.2% 33.8% 63.0% 37.0% 49.8% 50.2%
43 47.4% 52.6% 43.0% 57.0% 40.0% 60.0% 31.8% 68.2%
44 48.5% 51.5% 56.2% 43.8% 55.9% 44.1% 52.0% 48.0%
45 30.8% 69.2% 32.3% 67.7% 39.4% 60.6% 38.8% 61.2%
46 37.7% 62.3% 38.2% 61.8% 43.9% 56.1% 41.9% 58.1%
47 65.1% 34.9% 65.4% 34.6% 58.2% 41.8% 56.2% 43.8%
48 64.1% 35.9% 61.0% 39.0% 57.7% 42.3% 57.9% 42.1%
49 60.4% 39.6% 63.6% 36.4% 56.3% 43.7% 53.4% 46.6%
50 66.6% 33.4% 62.9% 37.1% 49.9% 50.1% 51.4% 48.6%
51 74.8% 25.2% 69.8% 30.2% 57.1% 42.9% 63.0% 37.0%
52 47.5% 52.5% 43.3% 56.7% 43.0% 57.0% 42.5% 57.5%
53 43.1% 56.9% 48.5% 51.5% 59.3% 40.7% 52.8% 47.2%
54 35.7% 64.3% 29.5% 70.5% 34.4% 65,6% 37.9% 62.1%
Table D-1 (cont.): Raw Results from Segregation Tests
APPENDIX D - RAW  RESULTS OF SEGREGATION TESTS 237
970228 970415 970318 970411
35% 65% 30% 70% 25% 75% 25% 75%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 36.5% 63.5% 36.9% 63.1% 33.5% 66.5% 37.1% 62.9%
56 69.5% 30.5% 60.3% 39.7% 61.3% 38.7% 59.0% 41.0%
57 64.8% 35.2% 66.3% 33.7% 57.7% 42.3% 63.9% 36.1%
58 68.2% 31.8% 70.5% 29.5% 56.9% 43.1% 65.0% 35.0%
50 66.1% 33.9% 63.8% 36.2% 54.7% 45.3% 50.6% 40.4%
60 77.9% 22.1% 64.4% 35.6% 50.7% 49.3% 63.7% 36.3%
61 46.2% 53.8% 37.3% 62.7% 38.6% 61.4% 41.7% 58.3%
62 42.9% 57.1% 44.4% 55.6% 54.7% 45.3% 50.4% 49.6%
63 28.4% 71.6% 27.9% 72.1% 31.2% 68.8% 35.9% 64.1%
64 29.8% 70.2% 27.7% 72.3% 29.7% 70.4% 29.8% 70.2%
65 61.1% 38.9% 55.8% 44.2% 57.6% 42.4% 46.2% 53.8%
66 67.5% 32.5% 66.2% 33.8% 61.2% 38.8% 57.1% 42.9%
67 70.4% 29.6% 71.4% 28.6% 65.6% 34.4% 59.4% 40.6%
68 67.5% 32.5% 63.3% 36.7% 60.0% 40.0% 55.6% 44.4%
69 80.4% 19.6% 64.5% 35.5% 58.5% 41.5% 58.0% 42.0%
70 47.3% 52.7% 33.5% 66.5% 41.7% 58.3% 36.9% 63.1%
71 42.7% 57.3% 39.1% 60.9% 50.0% 50.0% 46.2% 53.8%
72 25.0% 75.0% 26.8% 73.2% 30.1% 69.9% 29.9% 70.1%
73 28.5% 71.5% 28.0% 72.0% 29.8% 70.2% 31.1% 68.9%
74 63.5% 36.5% 49.3% 50.7% 51.5% 48.5% 50.4% 49.6%
75 57.4% 42.6% 64.0% 36.0% 63.2% 36.8% 55.1% 44.9%
76 61.3% 38.7% 69.3% 30.7% 68.1% 31.9% 55.9% 44.1%
77 64.6% 35.4% 61.8% 38.2% 55.1% 44.9% 53.4% 46.6%
78 73.0% 27.0% 61.4% 38.6% 56.0% 44.0% 53.3% 46.7%
79 38.7% 61.3% 32.1% 67.9% 37.3% 62.7% 34.5% 65.5%
80 35.6% 64.4% 30.4% 69.6% 43.9% 56.1% 36.2% 63.8%
81 17.4% 82.6% 20.5% 79.5% 20.0% 80.0% 20.7% 79.3%
82 18.9% 81.1% 28.2% 71.8% 23.4% 76.6% 26.1% 73.9%
83 48.0% 52.0% 53.2% 46.8% 53.1% 46.9% 45.2% 54.8%
84 55.3% 44.7% 64.1% 35.9% 63.1% 36.9% 54.7% 45.3%
85 62.7% 37.3% 70.1% 29.9% 64.4% 35.6% 58.5% 41.5%
86 59.7% 40.3% 63.2% 36.8% 56.5% 43.5% 54.2% 45.8%
87 62.3% 37.7% 62.0% 38.1% 60.9% 39.1% 52.6% 47.4%
88 33.2% 66.8% 27.2% 72.8% 30.3% 69.7% 28.9% 71.1%
89 23.0% 77.0% 17.3% 82.7% 22.7% 77.3% 25.0% 75.0%
90 - - - - - - - -
91 - - - - - - - -
92 42.7% 57.3% 51.0% 49.0% 41.0% 59.0% 41.7% 58.3%
93 51.9% 48.1% 72.6% 27.4% 60.2% 39.8% 62.9% 37.1%
94 61.6% 38.4% 75.5% 24.5% 64.4% 35.6% 63.9% 36.1%
95 62.0% 38.0% 67.2% 32.8% 58.3% 41.7% 58.3% 41.7%
96 52.9% 47.1% 57.1% 42.9% 50.0% 50.0% 48.7% 51.3%
97 - - - - - - - -
98 - - - - - - - -
99 - - - - - - - -
100 - - - - - - - -
101 - - - - - - - -
102 - - - - - - - -
103 - - - - - - - -
104 - - - - - - - -
105 - - - - - - - -
106 - - - - - - - -
107 - - - - - -
Table D-1 (cont.): Raw Results from Segregation Tests
APPENDIX D - RAW  RESULTS OF SEGREGATION TESTS 238
970417 9^0418 ' 970326 970409
20% 80% 15% 85% 10% 90% 10% 90%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
1 27.7% 72.3% 14.8% 85.2% 16.6% 83.4% 10.4% 89.6%
2 31.3% .68.7% 25.8% 74.3% 28.7% 71.3% 18.4% 81.6%
3 12.6% 87.4% 5.6% 94.4% 10.4% 89.6% 4.8% 95.2%
4 29.6% 70.4% 25.8% 74.2% 16.7% 83.3% 19.0% 81.0%
5 24.5% 75.5% 16.1% 83.9% 16.6% 83.4% 11.8% 88.2%
6 14.4% 85.6% 9.7% 90.3% 12.2% 87.8% 6.3% 93.7%
7 19.3% 80.7% 13.7% 86.3% 15.1% 84.9% 7.2% 92.8%
8 34.1% 65.9% 23.7% 76.3% 17.1% 82.9% 14.3% 85.7%
9 28.7% 71.3% 12.1% 87.9% 13.5% 86.5% 11.6% 88.4%
10 20.3% 79.7% 8.5% 91.5% 12.4% 87.6% 9.1% 90.9%
11 21.3% 78.7% 11.7% 88.3% 13.0% 87.0% 8.5% 91.5%
12 40.3% 59.7% 29.6% 70.4% 41.4% 58.6% 27.3% 72.7%
13 54.5% 45.5% 46.4% 53.6% 43.2% 56.8% 33.8% 66.2%
14 22.9% 77.1% 12.5% 87.5% 10.7% 89.3% 10.8% 89.2%
15 20.5% 79.5% 17.8% 82.2% 15.6% 84.4% 15.9% 84.1%
16 14.9% 85.1% 14.3% 85.7% 14.6% 85.4% 12.8% 87.2%
17 22.5% 77.5% 16.8% 83.2% 14.0% 86.0% 10.2% 89.8%
18 26.6% 73.4% 22.8% 77.2% 26.1% 73.9% 17.7% 82.3%
19 48.6% 51.4% 33.4% 66.6% 37.9% 62.1% 26.6% 73.4%
20 33.6% 66.4% 24.2% 75.8% 25.4% 74.6% 12.5% 87.5%
21 19.2% 80.8% 11.7% 88.3% 9.4% 90.6% 7.7% 92.3%
22 26.2% 73.8% 14.7% 85.3% 16.5% 83.5% 11.8% 88.2%
23 25.7% 74.3% 13.1% 86.9% 19.5% 80.5% 10.2% 89.8%
24 18.7% 81.3% 10.9% 89.1% 17.5% 82.5% 11.3% 88.7%
25 25.1% 74.9% 19.5% 80.5% 27.8% 72.2% 12.8% 87.2%
26 30.3% 69.7% 19.6% 80.4% 26.7% 73.3% 12.3% 87.7%
27 38.5% 61.5% 35.5% 64.5% 19.6% 80.4% 10.6% 89.4%
28 26.3% 73.7% 17.4% 82.6% 12.6% 87.4% 9.3% 90.7%
29 28.0% 72.0% 13.4% 86.7% 15.6% 84.4% 9.7% 90.3%
30 25.7% 74.3% 12.0% 88.0% 23.3% 76.7% 122% 87.8%
31 27.5% 72.5% 8.2% 91.8% 18.4% 81.6% 13.0% 87.0%
32 26.6% 73.4% 14.9% 85.1% 15.2% 84.8% 7.9% 92.1%
33 31.2% 68.8% 22.5% 77.5% 19.3% 80.7% 8.3% 91.7%
34 26.4% 73.6% 18.3% 81.7% 13.6% 86.4% 5.3% 94.7%
35 49.7% 50.3% 43.8% 56.2% 37.0% 63.0% 27.3% 72.7%
36 34.8% 65.2% 31.8% 68.2% 15.3% 84.7% 12.8% 87.2%
37 23.7% 76.3% 15.7% 84.3% 7.3% 92.7% 7.0% 93.0%
38 25.2% 74.8% 15.9% 84.1% 7.4% 92.6% 7.7% 92.3%
39 33.3% 66.7% 17.6% 82.4% 8.6% 91.4% 12.6% 87.4%
40 32.6% 67.4% 15.2% 84.8% 11.0% 89.0% 12.8% 87.2%
41 29.7% 70.3% 16.4% 83.6% 8.7% 91.3% 12.5% 87.5%
42 34.5% 65.5% 26.4% 73.6% 12.9% 87.1% 13.8% 86.2%
43 28.8% 71.2% 17.6% 82.4% 7.9% 92.1% 5.7% 94.3%
44 46.3% 53.7% 42.0% 58.0% 25.4% 74.6% 19.8% 80.2%
45 32.8% 67.3% 25.4% 74.6% 15.5% 84.5% 14.1% 85.9%
46 28.3% 71.7% 17.2% 82.8% 10.5% 89.5% 7.4% 92.6%
47 28.6% 71.4% 18.5% 81.5% 8.4% 91.6% 6.3% 93.7%
48 37.8% 62.2% 20.5% 79.5% 7.6% 92.4% 11.7% 88.3%
49 39.5% 60.5% 19.5% 80.5% 12.1% 87.9% 12.8% 87.2%
50 34.4% 65.6% 17.6% 82.4% 6.1% 93.9% 8.7% 91.3%
51 34.8% 65.2% 20.2% 79.8% 19.9% 80.1% 14.4% 85.6%
52 25.7% 74.3% 16.2% 83.8% 9.2% 90.8% 3.8% 96.2%
53 43.3% 56.7% 39.1% 61.0% 23.7% 76.3% 13.6% 86.4%
54 27.6% 72.4% 24.0% 76.0% 10.3% 89.7% 6.5% 93.5%
Table D-1 (cont.): Raw Results from Segregation Tests
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970417 970418 970326 970409
20% 80% 15% 85% 10% 90% 10% 90%
Sample Rape WPP Rape WPP Rape WPP Rape WPP
Number Seed 601 Seed 601 Seed 601 Seed 601
55 24.1% 75.9% 14.8% 85.2% 6.7% 93.3% 7.9% 92.1%
56 31.1% 68.9% 14.4% 85.6% 7.1% 92.9% 7.1% 92.9%
57 42.0% 58.0% 19.8% 80.2% 7.6% 92.4% 10.5% 89.5%
58 46.4% 53.6% 20.5% 79.5% 12.9% 87.1% 13.0% 87.0%
59 ' 36.1% 64.0% 18.4% 81.6% 5.1% 94.9% 7.9% 92.1%
60 35.5% 64.5% 18.5% 81.5% 14.8% 85.2% 10.7% 89.3%
61 22.8% 77.2% 14.2% 85.8% 12.3% 87.7% 4.8% 95.2%
62 38.6% 61.4% 39.1% 60.9% 25.3% 74.7% 16.0% 84.0%
63 27.0% 73.0% 24.7% 75.3% 18.4% 81.6% 11.9% 88.1%
64 22.5% 77.5% 15.0% 85.0% 5.3% 94.7% 10.4% 89.6%
65 27.5% 72.5% 15.1% 84.9% 6.5% 93.5% 9.7% 90.3%
66 44.9% 55.1% 25.4% 74.6% 8.3% 91.7% 10.6% 89.4%
67 50.0% 50.0% 25.4% 74.6% 14.6% 85.4% 16.4% 83.6%
68 35.2% 64.8% 19.5% 80.5% 7.0% 93.0% 10.2% 89.8%
69 37.7% 62.3% 21.4% 78.6% 12.8% 87.2% 10.8% 89.2%
70 28.1% 71.9% 17.2% 82.8% 9.5% 90.5% 3.7% 96.3%
71 39.6% 60.4% 34.2% 65.8% 36.7% 63.3% 18.3% 81.7%
72 22.7% 77.3% 19.9% 80.1% 17.2% 82.8% 16.0% 84.0%
73 21.7% 78.3% 14.4% 85.6% 7.1% 92.9% 11.5% 88.5%
74 33.2% 66.8% 17.2% 82.8% 8.1% 91.9% 10.8% 89.2%
75 49.5% 50.5% 25.1% 74.9% 10.1% 89.9% 14.2% 85.8%
76 51.5% 48.5% 30.1% 69.9% 13.7% 86.3% 19.1% 80.9%
77 41.5% 58.5% 19.3% 80.7% 11.3% 88.7% 12.7% 87.3%
78 42.0% 58.0% 19.0% 81.0% 14.6% 85.4% 15.1% 84.9%
79 24.1% 75.9% 14.5% 85.5% 6.0% 94.0% 6.1% 93.9%
80 30.0% 70.0% 32.9% 67.1% 26.7% 73.3% 20.0% 80.0%
81 23.9% 76.1% 16.9% 83.1% 13.4% 86.6% 18.2% 81.8%
82 17.4% 82.6% 10.6% 89.4% 7.1% 92.9% 8.2% 91.8%
83 31.1% 68.9% 12.4% 87.6% 10.3% 89.7% 9.6% 90.4%
84 48.5% 51.5% 29.2% 70.8% 15.1% 84.9% 13.9% . 86.1%
85 54.8% 45.2% 29.4% 70.6% - 16.2% 83.8% 17.9% 82.1%
86 44.7% 55.3% 21.4% 78.6% 10.3% 89.7% 12.3% 87.7%
87 40.9% 59.1% 18.1% 81.9% 13.7% 86.3% 13.7% 86.3%
88 19.7% 80.3% 16.3% 83.7% 8.7% 91.3% 7.5% 92.5%
89 21.9% 78.1% 29.7% 70.3% 29.5% 70.5% 18.1% 81.9%
90 - - - - - - - -
91 - - 12.2% 87.8% 8.0% 92.0% 8.7% 91.3%
92 35.2% 64.8% 18.1% 81.9% 11.2% 88.8% 15.1% 84.9%
93 47.8% 52.2% 29.3% 70.7% 12.3% 87.7% 16.2% 83.8%
94 55.6% 44.4% 36.9% 63.1% 16.4% 83.6% 21.3% 78.7%
95 51.8% 48.2% 28.2% 71.8% 11.8% 88.2% 15.9% 84.1%
96 39.2% 60.8% 22.6% 77.4% 7.7% 92.3% 14.3% 85.7%
97 - - 13.6% 86.4% 6.4% 93.6% 9.0% 91.0%
98 - - - - - - - -
99 - - - - - - - -
100 - - - - - - - -
101 - - - - - - - -
102 - - 34.9% 65.1% - - 10.5% 89.5%
103 61.3% 38.7% 41.7% 58.3% 15.5% 84.5% 14.5% 85.5%
104 - - 27.5% 72.5% - - 9.8% 90.2%
105 - - - - - - - -
106 - - - - - - - -
107 - - - - - - “
Table D-1 (cont.): Raw Results from Segregation Tests
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Figure E -3 (A ): % Rape Seed vs Sample Figure E -3 (B ): % Rape Seed vs Sample 
Number Across Hopper Number Across Hopper
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970226 - Averaged Results
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Figure E -3 (G ): % Rape Seed vs Sample 
Number Across Bin 
970226 - Averaged Results
Figure E -3 (H ): % Rape Seed vs Sample 
Number Across Bin 
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Figure E -3 (l): % Rape Seed vs Sample 
Number Across Bin 
970226 - Averaged Results
Figure E -3 (J ): % Rape Seed vs Sample 
Number Across Bin 
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Figure E -5 (A ): % Rape Seed vs Sample 
Number Across Hopper 
970324 - Averaged Results
Figure E -5 (B ): % Rape Seed vs Sample 
Number Across Hopper 
970324 - Averaged Results
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Figure E -5 (C ): % Rape Seed vs Sample 
Number Across Hopper 
970324 - Averaged Results
Figure E -5 (D ): % Rape Seed vs Sample 
Number Across Hopper 
970324 - Averaged Results
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Figure E -5 (E ): % Rape Seed vs Sample 
Number Across Hopper 
970324 - Averaged Results
Figure E -5 (F ): % Rape Seed vs Sample 
Number Across Bin 
970324 - Averaged Results
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SAMPLE NUMBERS
Figure E -5 (G ): % Rape Seed vs Sample 
Number Across Bin 
970324 - Averaged Results
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F ig u re  E -6 (G ) : %  W h ite  P lastic  Pelle ts
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Figure E -5 (H ): % Rape Seed vs Sample 
Number Across Bin 
970324 - Averaged Results
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Figure E -5 (l): % Rape Seed vs Sample 
Number Across Bin 
970324 - Averaged Results
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Number Across Bin 
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25% 75% 970411 25% 75% 970411
Sample Rape WPP Sample Rape WPP
Number Seed 601 (PrP)2 Number Seed 601 (PrP)2
1 35.1% 64.9% 0.0103 45 45.8% 54.2% 0.0434
2 41.9% 58.1% 0.0285 46 42.2% 57.8% 0.0296
3 24.8% 75.2% 0.0000 47 59.6% 40.4% 0.1198
4 41.9% 58.1% 0.0285 48 54.6% 45.4% 0.0879
5 37.6% 62.4% 0.0158 49 53.4% 46.6% 0.0809
6 34.5% 65.5% 0.0090 50 54.6% 45.4% 0.0879
7 37.6% 62.4% 0.0158 51 59.6% 40.4% 0.1198
8 51.5% 48.5% 0.0704 52 42.2% 57.8% 0.0296
9 35.1% 64.9% 0.0103 53 45.8% 54.2% 0.0434
10 31.9% 68.1% 0.0048 54 44.2% 55.8% 0.0367
11 35.1% 64.9% 0.0103 55 39.4% 60.6% 0.0207
12 51.5% 48.5% 0.0704 56 61.3% 38.7% 0.1320
13 66.4% 33.6% 0.1716 57 61.7% 38.3% 0.1350
14 44.5% 55.5% 0.0380 58 65.0% 35.0% 0.1604
15 40.7% 59.3% 0.0245 59 61.7% 38.3% 0.1350
16 41.6% 58.4% 0.0276 60 61.3% 38.7% 0.1320
17 40.7% 59.3% 0.0245 61 39.4% 60.6% 0.0207
18 44.5% 55.5% 0.0380 62 44.2% 55.8% 0.0367
19 66.4% 33.6% 0.1716 63 41.0% 59.0% 0.0256
20 47.8% 52.2% 0.0520 64 33.3% 66.7% 0.0070
21 45.6% 54.4% 0.0425 65 52.1% 47.9% 0.0735
22 41.6% 58.4% 0.0277 66 56.4% 43.6% 0.0984
23 47.1% 52.9% 0.0486 67 59.4% 40.6% 0.1183
24 41.6% 58.4% 0.0277 68 56.4% 43.6% 0.0984
25 45.6% 54.4% 0.0425 69 52.1% 47.9% 0.0735
26 47.8% 52.2% 0.0520 70 33.3% 66.7% 0.0070
27 48.7% 51.3% 0.0559 71 41.0% 59.0% 0.0256
28 32.7% 67.3% 0.0059 72 33.1% 66.9% 0.0065
29 51.4% 48.6% 0.0695 73 32.8% 67.2% 0.0061
30 45.1% 54.9% 0.0405 74 51.8% 48.2% 0.0721
31 40.1% 59.9% 0.0229 75 54.2% 45.8% 0.0854
32 45.1% 54.9% 0.0405 76 55.9% 44.1% 0.0952
33 51.4% 48.6% 0.0695 77 54.2% 45.8% 0.0854
34 32.7% 67.3% 0.0059 78 51.8% 48.2% 0.0721
35 48.7% 51.3% 0.0559 79 32.8% 67.2% 0.0061
36 46.4% 53.6% 0.0457 80 33.1% 66.9% 0.0065
37 36.6% 63.4% 0.0134 81 22.8% 77.2% 0.0005
38 50.8% 49.2% 0.0664 82 27.5% 72.5% 0.0006
39 45.6% 54.4% 0.0426 83 48.9% 51.1% 0.0570
40 45.0% 55.0% 0.0401 84 54.5% 45.5% 0.0870
41 45.6% 54.4% 0.0426 85 58.5% 41.5% 0.1122
42 50.8% 49.2% 0.0664 86 54.5% 45.5% 0.0870
43 36.6% 63.4% 0.0134 87 48.9% 51.1% 0.0570
44 46.4% 53.6% 0.0457 88 27.5% 72.5% 0.0006
89 22.8% 77.2% 0.0005
T a b le  E-1 : C a lcu la tin g  th e  M ix in g  In d ices  fo r R ape S eed  25 % /
W h ite  P lastic  P elle ts  75  %  by V o lu m e  A verag ed  R esu lts
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25% 75% 970411 1
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample 1-26 27-89 1-89
Numbers
n 26 63 89
S(PrP)2 1.0631 3.5593 4.6225
«0 0.433 0.433 0.433
o 0.206 0.240 0.229
do2 0.188 0.188 0.188
c2 0.043 0.057 0.053 SEG MIX
Eq.1.4 0.524 0.447 0.471 0 1
Eq. 1.6 0.773 0.694 0.720 0 1
Sample
Numbers n 2(PrP)2 <*o a ®o2 c2 Eq. 1.4 Eq. 1.6
TT■CM 3 0.0570 0.433 0.169 0.188 0.029 0.610 0.848
C
-■in 3 0.0405 0.433 0.142 0.188 0.020 0.671 0.892
8-12 5 0.1662 0.433 0.204 0.188 0.042 0.529 0.778
13-19 7 0.4960 0.433 0.288 0.188 0.083 0.336 0.559
20-26 7 0.2932 0.433 0.221 0.188 0.049 0.490 0.739
27-35 9 0.3667 0.433 0.214 0.188 0.046 0.506 0.756
36-44 9 0.3763 0.433 0.217 0.188 0.047 0.499 0.749
45-53 9 0.6422 0.433 0.283 0.188 0.080 0.346 0.572
54-62 9 0.8091 0.433 0.318 0.188 0.101 0.266 0.461
63-71 9 0.5272 0.433 0.257 0.188 0.066 0.407 0.649
72-80 9 0.4354 0.433 0.233 0.188 0.054 0.461 0.710
81 -89 9 0.4024 0.433 0.224 0.188 0.050 0.482 0.732
SEG 0 0
MIX 1 1
T a b le  E-2 : C a lcu la tin g  the  M ix ing  In d ices  fo r Rape S eed  25  %  /
W h ite  P lastic  P elle ts  75  %  by V o lu m e  A verag ed  R esu lts
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45% 55% 970226
Sample Rape WPP
Number Seed 601 (Pi-P f
1 69.0% 31.0% 0.0578
2 73.7% 26.3% 0.0822
3 82.7% 17.3% 0.1425
4 73.7% 26.3% 0.0822
5 72.0% 28.0% 0.0731
6 82.3% 17.7% 0.1390
7 72.0% 28.0% 0.0731
8 52.8% 47.2% 0.0060
9 75.3% 24.7% 0.0919
10 73.9% 26.1% 0.0833
11 75.3% 24.7% 0.0919
12 52.8% 47.2% 0.0060
13 60.6% 39.4% 0.0244
14 60.7% 39.3% 0.0245
15 68.3% 31.7% 0.0541
16 62.5% 37.5% 0.0307
17 68.3% 31.7% 0.0541
18 60.7% 39.3% 0.0245
19 60.6% 39.4% 0.0244
20 50.5% 49.5% 0.0030
21 68.3% 31.7% 0.0544
22 67.6% 32.4% 0.0509
23 71.5% 28.5% 0.0702
24 67.6% 32.4% 0.0509
25 68.3% 31.7% 0.0544
26 50.5% 49.5% 0.0030
27 44.2% 55.8% 0.0001
28 48.9% 51.1% 0.0015
29 80.5% 19.5% 0.1258
30 63.6% 36.4% 0.0347
31 68.8% 31.2% 0.0565
32 63.6% 36.4% 0.0347
33 80.5% 19.5% 0.1258
34 48.9% 51.1% 0.0015
35 44.2% 55.8% 0.0001
36 41.7% 58.3% 0.0011
37 46.8% 53.2% 0.0003
38 81.4% 18.6% 0.1328
39 67.4% 32.6% 0.0501
AO 65.0% 35.0% 0.0398
41 67.4% 32.6% 0.0501
42 81.4% 18.6% 0.1328
43 46.8% 53.2% 0.0003
44 41.7% 58.3% 0.0011
45% 55% 970226
Sample Rape WPP
Number Seed 601 (Pi-P)2
45 39.9% 60.1% 0.0026
46 44.7% 55.3% 0.0000
47 82.7% 17.3% 0.1418
48 68.7% 31.3% 0.0562
49 70.8% 29.2% 0.0667
50 68.7% 31.3% 0.0562
51 82.7% 17.3% 0.1418
52 44.7% 55.3% 0.0000
53 39.9% 60.1% 0.0026
54 36.4% 63.6% 0.0074
55 42.8% 57.2% 0.0005
56 80.2% 19.8% 0.1242
57 70.0% 30.0% 0.0625
58 72.3% 27.7% 0.0746
59 70.0% 30.0% 0.0625
60 80.2% 19.8% 0.1242
61 42.8% 57.2% 0.0005
62 36.4% 63.6% 0.0074
63 32.7% 67.3% 0.0151
64 39.8% 60.2% 0.0027
65 81.4% 18.6% 0.1328
66 75.1% 24.9% 0.0905
67 74.9% 25.1% 0.0896
68 75.1% 24.9% 0.0905
69 81.4% 18.6% 0.1328
70 39.8% 60.2% 0.0027
71 32.7% 67.3% 0.0151
72 29.0% 71.0% 0.0256
73 34.9% 65.1% 0.0103
74 76.7% 23.3% 0.1003
75 76.5% 23.5% 0.0990
76 77.5% 22.5% 0.1059
77 76.5% 23.5% 0.0990
78 76.7% 23.3% 0.1003
79 34.9% 65.1% 0.0103
80 29.0% 71.0% 0.0256
81 17.7% 82.3% 0.0746
82 30.5% 69.5% 0.0210
83 73.3% 26.7% 0.0802
84 68.6% 31.4% 0.0556
85 70.6% 29.4% 0.0657
86 68.6% 31.4% 0.0556
87 73.3% 26.7% 0.0802
88 30.5% 69.5% 0.0210
89 17.7% 82.3% 0.0746
T a b le  E-3 : C a lcu la tin g  th e  M ix in g  Ind ices  fo r R ape S eed  4 5  % /
W h ite  P lastic  P elle ts  55 %  by V o lu m e  A veraged  R esu lts
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45% 55% 970226 1
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample 1-26 27-89 1-89
Numbers
n 26 63 89
APrP)2 1.4528 3.3974 4.8501
oo 0.497 0.497 0.497
c 0.241 0.234 0.235
Co2 0.248 0.248 0.248
c2 0.058 0.055 0.055 SEG MIX
Eq.1.4 0.515 0.529 0.528 0 1
Eq.1.6 0.765 0.779 0.777 0 1
Sample
Numbers n S(PrP)2 o0 a o02 a2 Eq. 1.4 Eq. 1.6
2 -4 3 0.3068 0.497 0.392 0.248 0.153 0.213 0.380
5 -7 3 0.2853 0.497 0.378 0.248 0.143 0.241 0.424
8-12 5 0.2792 0.497 0.264 0.248 0.070 0.469 0.718
13-19 7 0.2368 0.497 0.199 0.248 0.039 0.601 0.841
20-26 7 0.2870 0.497 0.219 0.248 0.048 0.560 0.807
27-35 9 0.3807 0.497 0.218 0.248 0.048 0.562 0.808
36-44 9 0.4084 0.497 0.226 0.248 0.051 0.546 0.794
45-53 9 0.4678 0.497 0.242 0.248 0.058 0.514 0.764
54-62 9 0.4638 0.497 0.241 0.248 0.058 0.516 0.766
63-71 9 0.5719 0.497 0.267 0.248 0.071 0.463 0.711
72-80 9 0.5762 0.497 0.268 0.248 0.072 0.461 0.709
81 -89 9 0.5286 0.497 0.257 0.248 0.066 0.483 0.733
SEG 0 0
MIX 1 1
T a b le  E -4  : C a lcu la tin g  th e  M ix in g  In d ices  fo r Rape S eed  45  %  /
W h ite  P lastic  P elle ts  55 %  by V o lu m e  A verag ed  R esults
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55% 45% 970324
Sample Rape WPP
Number Seed 601 (Pi-P)2
1 76.4% 23.6% 0.0458
2 74.8% 25.2% 0.0392
3 82.3% 17.7% 0.0743
. 4 74.8% 25.2% 0.0392
5 84.5% 15.5% 0.0869
6 89.0% 11.0% 0.1156
7 84.5% 15.5% 0.0869
8 63.4% 36.6% 0.0070
9 83.0% 17.0% 0.0786
10 76.2% 23.8% 0.0451
11 83.0% 17.0% 0.0786
12 63.4% 36.6% 0.0070
13 56.2% 43.8% 0.0001
14 65.7% 34.3% 0.0114
15 76.9% 23.1% 0.0482
16 74.2% 25.8% 0.0369
17 76.9% 23.1% 0.0482
18 65.7% 34.3% 0.0114
19 56.2% 43.8% 0.0001
20 51.7% 48.3% 0.0011
21 76.4% 23.6% 0.0459
22 74.7% 25.3% 0.0389
23 74.8% 25.2% 0.0390
24 74.7% 25.3% 0.0389
25 76.4% 23.6% 0.0459
26 51.7% 48.3% 0.0011
27 45.0% 55.0% 0.0100
28 50.2% 49.8% 0.0023
29 81.0% 19.0% 0.0679
30 75.2% 24.8% 0.0409
31 79.4% 20.6% 0.0597
32 75.2% 24.8% 0.0409
33 81.0% 19.0% 0.0679
34 50.2% 49.8% 0.0023
35 45.0% 55.0% 0.0100
36 40.3% 59.7% 0.0217
37 54.6% 45.4% 0.0000
38 84.1% 15.9% 0.0845
39 77.6% 22.4% 0.0511
40 76.1% 23.9% 0.0447
41 77.6% 22.4% 0.0511
42 84.1% 15.9% 0.0845
43 54.6% 45.4% 0.0000
44 40.3% 59.7% 0.0217
55% 45% 970324
Sample Rape WPP
Number Seed 601 (Pi-P)2
45 41.7% 58.3% 0.0176
46 49.3% 50.7% 0.0033
47 85.2% 14.8% 0.0911
48 80.5% 19.5% 0.0651
49 79.3% 20.7% 0.0589
50 80.5% 19.5% 0.0651
51 85.2% 14.8% 0.0911
52 49.3% 50.7% 0.0033
53 41.7% 58.3% 0.0176
54 35.9% 64.1% 0.0363
55 46.2% 53.8% 0.0078
56 83.8% 16.2% 0.0828
57 82.5% 17.5% 0.0758
58 79.7% 20.3% 0.0609
59 82.5% 17.5% 0.0758
60 83.8% 16.2% 0.0828
61 46.2% 53.8% 0.0078
62 35.9% 64.1% 0.0363
63 33.9% 66.1% 0.0444
64 40.7% 59.3% 0.0203
65 78.9% 21.1% 0.0573
66 80.8% 19.2% 0.0665
67 84.1% 15.9% 0.0845
68 80.8% 19.2% 0.0665
69 78.9% 21.1% 0.0573
70 40.7% 59.3% 0.0203
71 33.9% 66.1% 0.0444
72 33.9% 66.1% 0.0447
73 41.0% 59.0% 0.0195
74 78.8% 21.2% 0.0567
75 79.6% 20.4% 0.0606
76 82.9% 17.1% 0.0776
77 79.6% 20.4% 0.0606
78 78.8% 21.2% 0.0567
79 41.0% 59.0% 0.0195
80 33.9% 66.1% 0.0447
81 30.8% 69.2% 0.0585
82 37.6% 62.4% 0.0303
83 75.4% 24.6% 0.0417
84 79.5% 20.6% 0.0598
85 80.8% 19.2% 0.0664
86 79.5% 20.6% 0.0598
87 75.4% 24.6% 0.0417
88 37.6% 62.4% 0.0303
89 30.8% 69.2% 0.0585
T a b le  E -5 : C a lcu la tin g  the  M ix in g  In d ices  fo r R ape S eed  55 % /
W h ite  P lastic  P elle ts  4 5  %  by V o lu m e  A verag ed  R esu lts
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55% 45% 970324 1
Rape WPP
Seed 601
HOPPER BIN WHOLE
Sample
Numbers
1-26 27-89 1-89
n 26 63 89
S(Pi-P)2 1.0713 2.8892 3.9606
Co 0.497 0.497 0.497
a 0.207 0.216 0.212
o02 0.248 0.248 0.248
a2 0.043 0.047 0.045 SEG MIX
Eq. 1.4 0.584 0.566 0.574 0 1
Eq.1.6 0.827 0.812 0.818 0 1
Sample
Numbers n 2(PrP)2 o0 a ao2 o2 Eq. 1.4 Eq. 1.6
2 -4 3 0.1527 0.497 0.276 0.248 0.076 0.445 0.692
5 -7 3 0.2894 0.497 0.380 0.248 0.145 0.235 0.415
8-12 5 0.2164 0.497 0.233 0.248 0.054 0.532 0.781
13-19 7 0.1564 0.497 0.161 0.248 0.026 0.675 0.895
20-26 7 0.2107 0.497 0.187 0.248 0.035 0.623 0.858
27-35 9 0.3019 0.497 0.194 0.248 0.038 0.610 0.848
36-44 9 0.3591 0.497 0.212 0.248 0.045 0.574 0.819
45-53 9 0.4130 0.497 0.227 0.248 0.052 0.543 0.791
54-62 9 0.4661 0.497 0.241 0.248 0.058 0.515 0.765
63-71 9 0.4615 0.497 0.240 0.248 0.058 0.517 0.767
72-80 9 0.4407 0.497 0.235 0.248 0.055 0.528 0.777
81 -89 9 0.4469 0.497 0.236 0.248 0.056 0.525 0.774
SEG 0 0
MIX 1 1
T a b le  E-6 : C a lcu la tin g  the  M ix in g  In d ices  fo r R ape S eed  55 % /
W h ite  P lastic  P elle ts  4 5  %  by V o lu m e  A verag ed  R esu lts
APPENDIX F- HORIZONTAL MIXING INDEX GRAPHS 265
APPENDIX F 
HORIZONTAL 
MIXING INDEX 
GRAPHS
APPENDIX F - HORIZONTAL MIXING INDEX GRAPHS 266
Figure F-1 : Height of Bin vs Mixing Indice for Rape Seed 65 % / White 
Plastic Pellets 35 % by Volume, Test 970206 Averaged
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Mixing Index
Equation 1.4 B Equation 1 ;6
F ig u re  F-2 : H e ig h t o f  Bin vs M ix ing  Ind ice  fo r R ape S eed  55 %  /  W h ite
P lastic  P elle ts  45  %  by V o lu m e, T e s t 970324  A veraged
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Figure F-3 : Height of Bin vs Mixing Indice for Rape Seed 50 % / White 
Plastic Pellets 50 % by Volume, Test 970402 Averaged
F igure  F-4 : H e ig h t o f  Bin vs M ix ing  Ind ice  fo r R ape S eed  4 5  %  /  W h ite
P lastic  P elle ts  55 %  by V o lu m e, T es t 970226 A veraged
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Figure F-5 : Height of Bin vs Mixing indice for Rape Seed 35 % / White 
Plastic Pellets 65 % by Volume, Test 970228 Averaged
F ig u re  F-6 : H e ig h t o f  Bin vs M ix ing  In d ice  fo r R ape S eed  30 %  /  W h ite
P lastic  Pelle ts  70 %  by V o lu m e, T e s t 970415  A verag ed
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Equation 1.4 —B— Equation 1.6
Figure F-7 : Height of Bin vs Mixing Indice for Rape Seed 25 % / White 
Plastic Pellets 75 % by Volume, Test 970411 Averaged
F ig u re  F-8 : H e ig h t o f Bin vs M ix in g  In d ice  fo r R ape S eed  20 %  /  W h ite
P lastic  P elle ts  80 %  by V o lu m e, T e s t 970417  A veraged
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■ Equation 1.4 —B— Equation 1.6
Figure F-9 : Height of Bin vs Mixing Indice for Rape Seed 15 % / White 
Plastic Pellets 85 % by Volume, Test 970418 Averaged

